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• £$^3^' ^AJi 


Ar = d sin 6 

4ja L .i t L * d Ati 


m Alt 9- 4 L *jli JljIaVI Ja rn JJLC. b«L—4 Jl 


u3 jj-a]* JbS Ijj5 


<jb 


Ar = d sin 0 = mA. 




UL^I 









Jtjkvi > (m+l/ 2 ) (r 2 ’ r i> Ju jL- !• Jl S »ij L.I 


5 JuiliJ* ^JLc. a* ‘ vi «jl* .ji^G iLbi JLi Ar = d sin 0 = (m+l/2)A. j\ 


sin 


0 = 0 - <m-H/ 2 )X 

d 

y = (m+1/2) ■^B- 

d 


y_ 

R 


6£-i 


^JLc. Jjuit ^4 <uJbl' ilu-ai* wiJLfJ* jjLIj 'j&Aj 


4ilLUl ibjj ^Jj JruCfcLjJt ^yt JwAlW.t 1 i jn£.ljuU( J\) jLuiI' > .!«» i-ilLU* 


vV y 4 jki«Al) wjJL^U 4 omuJIj c 1 ^ ■ ■■ rTl Js^JU* .0 *" T JSLj) 


.(U - T JSLi) 




I 

mAA' 



jgg !«-*-?! J>u ^ l . ^ t * ^ A JlS oUU 



/Jlttl ULtttl £,U 


bUi 










(■?"- T) 


11^.4 aj ajb Ar 





<L \ M jnlLInl ««l* JryL^JLaJ’ Jru 4 jbI ««l* J-JLS j^U* 


JLL. 


*j iiUJ.' ^JlS 5 0.75 m J 1 ;^-^ -^i' JiLJt, i-U' iiL-H cAl£. 0.00015 m 


Ay - 


XR 


JilaJi . ,...«». I 0.003 m > __A "~ ■ ■-•>■» Jruj JL* 

i tWi 


0.003 = 


0.75 x X 
0.00015 


: x = .9: 99 21 Li9:92-1 = o.6 x 10 6 m 

0.75 


X= 10'° x0.6 x 10 ° = 6000 A* 


UL^I ^bj -tilt 










Light Diffraction ■ 


{jlu LjUa 4 4a* la ^ 1 ^. *«j L« jlLc. 

4j^jIj 4jl-4j jSLUl * ^JL. o^SLli 4 . a 1 4^ la^LiV ^Ja <^lt jL^Uji 

.6JJL3t4 4>>yA4 

-Aiiy Disk 0 ^— 3 ^ - o* ^ s ^l * *-•>» & 

.0 T - t ) Jfc.lh ^3 US 4 «lr>i <>*«“'»» wJ-lA 3 ^ 3 - » - JilsJ* la ^lc. ieLbV 1 £jj$j 4 Lu.'j 3 



-iUi(U-r) JSLUt iU^4 iLx^ JL. 0 t-t) JSLU' jJ,*, 


JjWt d* *! 4a u\>) »3jL«JU iLoLi jajj* ^ L 


LaIuu L^a4 JSj J^^jult 

4^1 4^1 4ft4*J1 liiU 

■si 



.(li* T JSLi) ^uxu9 ^jLxJi ijtla jlajV LjLL« 

ijj V 4i» >SaJb 

.(U - T 


Oyt o^k 



JibJ* JL. 5 «UiV« 


• k 


w v* A-mUi* V*Uj V4 

4LLa*^ 4 j w JLc. • 


Hl. 

4 




(MT - T) j£*i 


aLaIaIi 


w 0 c *>**) 











[ (U - T) js^Tj 


• #4 • •• • 

tt-J 



i iU ! 1 i*.l 


Ja 4AIIV4 JlSLH ^jplc. 



J^aJl j JpW* <dxui^Lt ^j\jlM jlaAt-j 

i^J 

MKk 


OO - t) jSLl 



S >>Lt ^j\jJi jlaA I 
JjiaU 









4jcI.iJ 1 Ja 44Ux 4 IdLjj Ja ij*\*a 4^>ili Ji>-< Ju $Jb I 












• •+ 


JS-S. Gull** L*ll^ 44 ^. v-ia) ->>±* 1 » C i>4i 

luioi jlaj ^ic. A- 4 L 4 ' ££ 4j JjL^- pj f.ialj 4 j ^Lljla ()V-t) 

^ijJ) jlJU4< 4-^^X' jJLu3 idl&J jJjJLJ 4Jl^“ 41 1 4j^lti*U bulfl .4J 4jj ' cL^Jb 4 jjLj 

cjjk Ja .Secondary Wavelets i^LS vLL^l^ ^13 j^l ^ 4 4 jLUj 

^Ui j&j~* 3ulil i«) cV Jij JLc. 4Lxd‘i jlIc. 3ulLU^ Vx4«« j cLL^j^I 1 

«jA ^55 .iiLUl Jk P 3 jjl^ 4 ilaii JLlc. 4JL&V1 & i«Wi Jk 4 -l*jljJi Jubj J}L*Jb 
dJjJ . c w>iU I 4 J 4-klbU* ^JUl 4Li£LuJi Zj'lskjja iJL^i* 

. 0 >V-T JSbi) 41x^4 ibJLA JS^i Jk ^Lx> *b* >»Jb l^Lu 


4^x11 ^L+jl 



(HV - T) jLi 


aj'SjX} 4i^m» 4 j jl^J 1 ja$l> 





c 


_ -.ntt j 



jL— If ^ <3^1 o J « J^UlU SjjL^JI oL* M*-T JSL-1) 

J-4 /i» iH> vLjlAJ^ u ^yt ^lalt cJo^aJJl ^ iLa-oj ^lc) wLiJLjIII £L*-»Ul 

J->' JL> Jl»JL^ 4 jU 4 X Jy* *«r> JJL£. 3 * ^ ^JLu-J* dliA.lJt ^ iLxOJ JuL-J 

1 

♦0 A - ^JSLi) «.Uj Ji-toj l jjlc 43>il< JlS o*3 

2 



(U - r)j£-i 


ip. ^4iSP3| MK- 






Limit of Resolution Jk. SjaiJi b>J ^ 

jyjr > JS > JLi ILaJJirtj; 

jnj 4*1 --'* ijj J&J3 .4idi .. 4 4 j_ila j 1 * JS Jli •Aperture 


yu ijj'JJ* o' J->-j -i-ij . >4<. n iij-kUt . ,.« > rtj j JUjLLZi ojLa_<Jl Jli 1 JjjOjaU 

1 

ijjiJt ji ji , Aperture i»ikJi .A6= -jy ii>UJb lu^3 Ja*3 


JjLJ> 54 ljJ>»3 ‘ O t J A ' » J ai £A [ . . Jkf wu-UL ^ bw j- ti ** ! ’ gj't 

(Aperture Ju*-i_iJi JjLo) 4 ..,nli jb* 4 Jl?> i dLfjJj .^ r ?-3l> 

. I^AAJ3 t dil 4 ».«>)) jru ^ii 4 itt ^JLc- ijjLi jtastj 

1.13^ ill 3 _b ^-4 ojla» tJj-S Jj 4 1 4 ij3j L^LL* jSb |%) •<■> Laj jjj < X uj« hi 1 4K3 

.Or us^ 3 ^sjy* 



ULdft 







£ J) fAtt 







I »j.^ll ^| 4dijUJl ut^ii lilt ^yA LJ ‘_* 

.^liaiV* ^>iUJ liij ^.W.j (T) 

. jL-SLiVt ^>iUJ Ui, (T) 


) *^t^j.i ^3 * j -■> I * 3 ju1 ^3 Aj^dj Jj-ljuJt Jj£. I .lijj c J^-tjuj (t ) 

) t— J J<UU «yuaJl AJLui ^3 fljk»j1$ 


•jJ fljl AA>4 JyC JLX-^J (0) 


. 4Ur*» yk ^JUJb$ JjL^^oJJ 4-4 IaJ 1 1 ^ jJ <?JlA$ 


: ^U>» j->t! * ^1SJ' ^ LSulj V 1 


Jil j (^L?- U' *1) clUS 4 Uj$_J> isLlS ^xSl 1 a A A, 4 vLslI JilLj LajlLc 

Sabj .(Y • -T) JSLDl ^ US a>-uJ» ^ julLo ^Sit< £U1]» JU **i*nS iiUS 

44* 5 at aaS JiU* jl amS)I JaUa) 4/>^*J> iibS >-*-£Sn la ^4 amH 4j$tj 

.( uLa j1La 4 jL*Sjt J^Ijl^) 4aj^J> iiliS ,JiV* Laaai^J* jUSiyt 4j*ij 



4**1^ 1? 44 L2T ildU j ^Jj 4 jU AA'uS Id«*j Jv4 « la^dni 


4j*< j ilu LAJLaT, 0 4**1 4 Ui i-U^A-is 4iUS joSSM l^^Jt 33^ AA>1< 4j*< j ilu 1-4. UT • 

j. a^SIU f UJU* La. Jr, 5 4 90 ^LaaJ^ I 4 J 44*.i j^S) 4 xj^J> 4ilUS J5 Sm jLa^SjVI 

ld^A3 4 j*'j 0 mJLa! 1 dJA 4 j*1j . J 44 U!) ^UtJD bj * 

c 

90 j 5 UJ 4 aj>J» iiUS JiSn jLa*SjV» L^LLoj 4aj>J> iiUS juSSn U^fi 








■ albJl 4 *Aa J* ■ .1 


n.sincb = n, sm9(V 

1 T C 2 



(3-6) 




JJiVi t-> , ., j.1> j l , n\'i » - a n j <i uj ■■.'-> 2 l Z i &J* ti . .i^ti j l , ., \ i > n i i L " 


. A^^Jc!l (J) ^ ■ A i 1 J| ..^ '&* l ” ^ 

TOUJl 4 i2Sj ajjut^ ; u 2 = 1 ** Ujk> 

« *JJ '--* M S _ r l£. AdjLjJl 


n, sin <t> = 1 

1 T C 



(3-7 ) 


. 43LiS juS^ rk til, i* 4 JJ L p^l 1 jUSjVl * 11 1 J-uj 


3_4^_§ „<i] <L=H^_3fcll <L4jk_a-4J I j i iX‘i > 

• IrftJ ^L^Atl k 2b4|^Jl j^j^uL *4 i ijid Zl^ 'llS k v I .1-^ . .i 1 /all Iij^.1 jj 

t W*J1 ^ ^ US Lu^LSjuJ Lojj^ <a jjUd JSVl ^UULTi sU-jJi ^11 




>i *> 


i3 


♦ » •• f 


ij^lj-f* <j«* 1=>4 -<Llu 4j$1j 


.(j L mZf ^ * “ T JC ,*.) Aoe - 5ji^J-iaJ| 


30l*i 


3j*lp> ^*1 * ; : ^if 1 ,33 J 1 .6 L<^ cU^j y_4ll.4 (jl£ l^j — ^ 

,U^l4 Jtf 


n i = 


1 


sin<|> 


iW> 

Cb-JJl ^ 


sm^r “ 


1 


1 


n 


1.6 


= 0.625 


<\>,= 3S' J 4V , i*L** 

\* 






g. * * 




LJ 


. «m an*. > 


sin4> c = 


1 


n 


1 

1.33 


= 0.7518 


<J) c = 48*45' 

J&aLuJI t> ^l) I 4 j j'jJ' . u«>l ^jLuJl JU* aitr>«ll iLljLuJt 


l**3 


-r 


.*Ui ^t sLrJJ* > 

■cW 


n, sin 90" = n. sin 6 

2 I T ( 

1.33 x 1 = 1.6 sin <(>, 


sin <J) C = 


1 x 1.33 

1.6 


= 0.8313 


o>ili f'J^L 


<J> C * 56* 14' 1^-3 


If! 




Fiberoptics (Optical Fibers) JeLJYirY/i 




/ 


(n - t) jLi 


vl*AI> ^ic liiL-O JiLJ^i 

-iUvi .Uiil 


-e 




T t U-l 


(tt - r) js Li 


iu^Ji JllJl 


iiJ(r\-T)JSLU( ^3 

i] ^jbu <uLa Jl>* w v« «3^aJ) Jj>o tj| -ijliul 3 jL* 

(k?-^3«J t ^w* lo^LuJl 4 j 3* j) icJLuL* 4,.,l£ 

. (rr-r js^i) >** > 


u*LJSm JiVi > 4U3L4 (TT-T) JSLUt JU^3J, 

4 *LUi5U ibli ii^4 i4>» 1^4 J 3 SJ 3 

w *SL*J 3 4 L^Jl J 3 -- 33 J' » ■ «*'». » J>SU 1 J~*j 

.^£aj jidJt Jjjb Jaj ( _ y i L^4*,ts>4 4.1 

. L«L«1*' JjVt 4 l/> 3 t* JbLJV' < _ r alj3 


^ u*< ^jl3 


ft •) 


It 4 ^l ,1MJ» 


rA 


ULdJl £ 





p .(Tt-r JSL^) Endoscopesi^Jt JL. *.A»H 




jojt 



Ji 4 Vi Jx. <Lu^Sl) tIiVli4ilV> ^ ,>, > ** T i.j L«_£ j ■* ** 

.(ro - r jsli) JuS^t j»uvt > ^ iy^sjt ot jLiyi 












jbALaUJL 1 








^ jlLkUb XA' 


^^▲LaJl jlLxU.1 4a«Jla1 jA* 4 kJ^-“ 



h o'jLl^ JdJ 4 aJ^J} dlLl^ 









C> 




j-k^Vw>ait * 1^1 


* • 


t> iliu ^c.> 4 > 4 JLi .'^t C4 

0J« (jji iuuiiV 1 jj-t** ^2}t 4 u)Ja}I JsLJSm 


j*i)i ^u» <aA ^ | LVj toJj . Ultraviolet 

* *.» «« ^Jt uV « (n-r 



ki \A At l ia^jJ I Ct\ \ j .. Af t Juli-tjJi 


i' 4_J< J^aj l_4 JS 


oiaJl 


. O^itl A*- 1 


JaLJVI 



Ji >Ji LLu.a-4 U^r JL?-» > U tjai* 4 43*>_4 4*>ul LjjJ JtS »i) 

. ^atl 4J>J jLo 5li . ia^lt «U2il tij Ul . 4^Jj <bU .>*» 

fcl ii«l> jl .« 4 juc. 4 Ijt jjt tjj Kljjj JySLaj » •» 1 ' i)L*J t .'ja 4 

JsLJVt ftjL3^Lu.( J£L«j JJ4b« . |^uij9k)i 4 jJj ilLjfclt oJla ^ gjlal ..i IbLis < ^ .!-> M 

Vi«> u- cf^» 

• ijlJVI o-IlA clitil |t£j _v>- V ’ ij jlaJ* 4lAlIa vbuUl ^•>*ni I <ulS olulluj 


« 


j t jj, *m aV L*-)Lj 


42° c'^J>3 (1.5) 3'b.l i i»jl .-.C\i J>La_4 j J>V tjlaj 

i-.>* jL*-_ 4 (90% 45% 45*) «b»,j C L*0J» > U5*5 JLi 

JL. Ju>-a-J» »LW> r >*-‘ -j ta-fc JL«j <180* *1 90° 2 u3>*» 

ot-i_U.> j .m ; 4 i_j^_s«_Ji f t *■ ~ --j ^jjt Periscope k_»$SLu. 


.(rv-r JSLi) Binoculars 









*X 





)Uoa 4 Mill |* 1 . X I ^ . Jh 

jljull 


JJJU > wJ 

180 jLui 


(TV - T) jSLil 



*l*+ 


90 t^Lail jLkMu* ji%) ,1 


J 3 *-U< 


(S» 3O <^^-£1*1* ^jJJlL» jLa-uJt f'J&tlLM* Ja Jalajli ^ >kJ' 


\ \ 


* f*-**-*3 


^jjlU ^LxuJ< JL^tjJu 43 ) jjLJ< ja$ • LIS LmISjuI J>AU» cW jLsl 1 j c^^J* «jv ■ V 3 I 

• 100 % 4 j*ldS ^Lu ^jJt ^simh 

JLt djJb*j c y£jJ <IJL>li Jili » 4 jL*1 5 ) Aij^j jjlLoj U ^JjlI' jIo-mJ 1 j*jJuj 1 Lib 

jSu4J JSJ3 4 3I JjJL JL4JJ c£*aJt J* 4.4 4*) 3) Ji JU*-n> . jjAUO Jb »aA 

Jii J^1 jl 4 ) j^SLc 3 ^ij tLUu 4L* 3 ) * 3 ^aJt 4L« J^jlj ^jJt jiau-Jt *uLiab I^iIVi 

.(f}KAM±c U>) JUJ3I33 >3^i^JS'‘ ^LbJ^^SJi JLi (jl^jJl jL*£i* J4I&4 


B 




JjiaJ 1 la 4 **> L^iJ jic»3 (ijtjjJt 3 jljJlA) 4LxjLU‘ fbSn 4 JS 3 JL 4 3^*Ua ut j-4<Jt 

> JLaj L 4 S 3 (ITA-T JSbi) icllb ^AaJu* JlS 3 J LaS ijLuJl ^S»^J 3 ^ 

Jx. ^iSjuVb JjJLStJ It j3^aJl vlULu 44 4 4 A 4 j^Ld _4 lj3.ua jMJt 3I Jajfc-JJ sAo-^ 4rt h 

.(utA-t JSLL) «U» ^^3 jujLc 3 ««U< gla^ 



(-TA - T) JSLi 


« l ^'* -•» l‘ ,j^t^mj< 

* u ***■* 



(tTA - T) JSLi 


4IL-4 3JLU 3 * 14 * 1.1 3 ^LaJ» 


6p\ji\ Ju*i\ 










AaJ ^ Jjil jw*- ^UjkJ 3j I kX_LJ_LlL |>LlV I 

jLui 5 kj‘ ljvL 4 L*_< o^kj ^ . !_a^ 1 *j ^^III l"sL ^ 1 ^ ^ t ^ 1 ^ 

3US^^lu> kUi UjuJ 3 lijiiUtf .t*I*3 c JLJl Uklu^ 

*23 c JJi A2aLJl UUJ1 5^)1 4 ]'i2Jj> fcUJJl 1o* Jli MJL* 2A3 *j 

jIjJ,-* kjSL&a ,«Lfl1jjfcjJ AlijJ t^fril.) ,^,31 4 .1 itntl <2 Jufe Jw* ^JlaJuJ JLl£. a . Jj>_ 4 JtJk j 


L*j£e$ 1 Ui^i 4 1 jiL_u _4 lAitjL 4 . ijJLHil d^Jl iZiLiita 4 JI 2 I 3 I $ frlii^Tl Lfl^istjJ 


,jLa : L^Lsfej .^U' ^ i&ail 4 1 » .. itlj 1 2b ^Vo ^ * \1 LZjULtiaJ I i/> 2b*1j 

^jJJl ,jJ* J 4AJ k ^Jl LlL^jU ij,Lac4 1 JL^Jud i 'uJS L^iISjuI jHiSxiJ ^)}ASk \ > *Ljl£J I 


4j$ld a 2_j^j J- ■" ^ I Jl^« . i $1 i.^> jJ’JJl 


*■ H 




*«-“» j>V 


, *l< dL* ^ (TA-T* JSL1) 




ljufc oli , J>yu (XY) 4b»jl1 .J*. (ab) Jl4 *Wl u.;,-» l.j! 




t _ 7 J 1 (XZ) <L>y* Ja a 1 iij ^jj- (be) j»- .» 11 * 1 I-'l-V. ■ a uiu y 1 1 .5 j- 1 .X l < ^L_-%. All 


, (T «1 - r) JS-U' L*S (ed ) «bej*< c j l^yi 


t_«j£> I ■ 1 > 1 j ^Vl3^_4 j LA& l i Ml J ^ tu I t 1 ij * 1 vl < £la 1 1 ^|l ,jrt_i_£j 1 1 I. i 3| Jj_ 4 J 


dUjJ , (XZ) i^iri jLi jr^V ‘4 (XY) Jj%fi 4 ^^JI Jkl 


Ot i^3 l j 


4dS'-^ 


U» ^ £-> *jj - ->< I S^LrJ 1 4j*IJJt ^ < Deviation Angle *_il j-s^iYI 4j*tj 


ct Jv 4 jJLs L. a L^J \-a jA 3 j £jljeJl iiaLuJl 

e .jA *L_^^ll ■ > If j l I.C W l ifj'jj t-s j a /.it l .~.i l C 

L*J^j Uili , A ^-j ir* ia>luJl 


.^Lj U (t^-T) JSLU 1 i^JLufc (> 




(X 



J3-1U ^ £{* 2 * jl 

a = «>!-B|)+ (02-<l>2) 
a = «>| + 02).(0| + <>2 ) 


M ‘ 


JLs JL-L*jLi c i b jrvLjtjJ' i 2n bxce ^c.b>)> 

jUdLJi>L 5.I8O 0 W'ljl't***" bee ^im ^i 5 (180*- A°) 

(3 - 8 ) 


e 



. o» (3 -8) ^ 



(3-9) 


^jLl Jdltyu 


A° iujij > Jit ij 5 tj o' i**Ii aaa >3 

.01 4j 3<j 

^*3 ^ — - 1 4j$tj jb-ijJ J-4 t a > jj JL> o«a3llZ> UB t 4j*lj o' tjbu \ *U C 
4j3*j £Jlju » Js^ju-^jyU > *^ih i»L*IIb UBj-aj Jmljl-4 jl^ 

.(t • - T) JSbD* US Sjjlj jbjji ^4 L^jJb .ib-OVt Jb« ^>1 



<>, =0 2 = <>0 

0 .=*2 =0 o 

. J* US (3 - 9) 5 (3 - 8) uUS!>UJ« 


o 


A -2 0, 

6 = A 

0 2 

ct 0 = 24 - A 


1^.5 


(T.- T )JS-1 






sin 0 
sin 6 



jL^SiVt >L-*-4 J\ 0 . 0 > 


I iiyUi' W V* Jruuj Js'^Jtj^U 


sin 

n — 

a„+ A 


2 

sin 

A 

2 



( 3 - l« ) 


j j l ^LLuLuilj Lk j jyutuA JMi. ckul jL*> 4 u n,*AJ s 4 d+f Aj^j>o 


s2U>U*Xt CiIjjVi 

. 3 jlfliia4 • 4lrti4 • ^kub^ " 60 4u(lj ibyj J^amIa 

t ^4A)lut^A> 

(ab) lL*i* (%^j^ 111* juljI (%j - 4.111b 4 jjlcL5 ^jl -^5 *l,kfco ^Jk. j^.AIb ^uo • ^ 

^ . 4juuA4 <» 4j4*^-j Un^Li^ Lcbul JLij j^lud^ ^bLt 

4jI *,i A «Vb (cd) £jLifc]t ^Lsl^UI jka ^ 4 J»1 ^3 /Lajt j%j 4 4 * Jk 1 3-4 

a j 3 4Ul.4> ^Jlc. d^bk>«b 4-§L** J-i— u*j »\u jlal}'} Oj>L\a+. 4 jiO 3J 3 I 4 ^ajLjjJIj 

iaJfcJ t ijla Jl jl?o .3 43 L> 3GLa_4 (cd) ltx>- (%j . (ab) iaiL-Jt 


•J5VI bk>M 3 j 3 ^> j<jl 14< ^Jk 



jl — 4 j>S^i (be) ^ j>-1Ui *ij* -r 
Jyc (abed) 33 w *3 ^ ti f Ljl-lU* 


On - r ) jsj, 


J3AI4 «jkJ< y^ la-A jL ^4 


it Jk (cd) £jl*Jl ^UJJt JL4 -T 

(ab) Jkdkjdi vLjl^-J 1 j'jlL .41 JjLjj 

ijflj ^ U4ly ) i»3»JJ» 


.(T>-T 


a 



■ 





> 





* 0| ^3 * 4^3* j J^ M-J? -t 

.a Jiij^iVt 4 jj03 0 2 £ 1 ^ i^iOi 

J$jl>- ^3 juLUi ^Jd $ iu$t j ut v w* Sjul J^jLuJ* J^jJ* *0 


<M'j 

a jii^vi 

*ti') 

e 2 ^i 

ia)4uJl Jbjtj 
<J> 2 4 i li"t.l)l 

*o'j 

8 ( jL-liV 

V*'j 

<j>l 

0**J j 

A j^-iui 








idu-Lfll' (%a^Kj juLIlb Ct <A jru^a-5 cjIm *! (3 ~~ 9)j (3 — 8) JruJ^Lalj 

LlL*£. 


t Ala** i$j Dispersion c 




JajlJj Jl!^^ 4 jL^JJ1 j-J* $ 4jJ 11 ^ HI ~~ I 

• ii^ka Jt > j^l 2 jU jLu^I 


n = 


sin 

a,H- A 

• 

2 

sin 

A 

2 

1 1 



♦ c v*^j <*i0 A , iurtl) kjL^JJ) (X 0 <jLX»V> J^Ljl- 4 n JLul 

^ AjLjulJ jL-SJV* >1*4 ^ Jt Hili ^ > J <?3<J 1 

4 J|< ^ k u\ h ijLjJJt 4jd* j 




\ 





J^LaJl ^iiL uai^L n 


*)*£ jl i^CiVt 

liyi >1*4 J¥ » ^1^3 
fl ^bUU< 4 j* 0 Jl i *^>1* 
JjIaI) ^Ujja# 

_)^ll4 cr l£. C i_4ji»- ..'.L^Vd,.. I jl klLJjJ 
u^i ^>-*Ji i*l+J» 5^3 ^ 4+4 ^3M5 

o'*— >' J9 t> «3-^» 


(tr- r ) jti 


< 4»t^)* JljJI J JjU.' 


.(TT - T) JSLD» iiijjdi , j.Uh 

,.^H «+JaJi i*-H o' £&±2 JS-UI >3 
o'i C*S ifejLu&j J 4 U 4 ) li» ^i; ijLulVi J& o 






yilSlI UL^I 





^>jX* kiLaJ* . (j 1 L*jLu>SLjJ J^tjL*) 4 jluiV< 0®' ejkaJl 4 juL' 

-i(AjJL£.La <jJl * 4 *? c* 4 ) l^Jj i>y <,yill 

- JLU1 -ijjV* - - >-»V • - ^LE*)) - 



• 4iHaJ< 


z V *i 3 \j ML* ^b^ll > ^M3 j>AL 4 > SjL* ^ 

mi i*U jL-£il >k* O' j' >-»' 0*iMJ ii>uail i.l^]i tub 


n = 


sin 

«rf»- A j 

2 j 

sin 

A 

2 



W*L-~* w**-9- o& 


W'i3 


A_ 

2 


dU^j 


<*«+ A 


jV *>ii5 


• J£j <iUj ^k i • ^jJloULi ijjljjl Util 


sin 


Wa 


•Orff A 

2 

i i 


2 

i i 


sin 


A_ 

2 


=r A 

“ 2 


tlDoSj 


j i ^^Jl jj ■ “ . 1 * 5-iL* jLamSLjI ■ 1^*) 4*jkJl 4A^ljJl ^ L*^i£ ^aj^xJbj 

« ioV> 44 Mail 0-<* 

(3-11) 



a«= A (n - 1) 


(3-12) 


I)is|>crsivc INiwer^j^JJi^j^^iLJij^i 


. 4J)^jlLI ■ li.Uh Ji^Ji ^Jj «^k-Ji ' jus jjj-L; ^j v X ^k ) jkj' c Jaj*.» Ju 

.*u^>ii i^t^L>) JiM^-y jimoyi ovuk j^i <j\ ij* « 


(a 0 ) r = A(n f -l) 
(a G )b = A(n b - 1) 

J^LjL4 n b * c^u^ll AjjU jLu£jt J^U-4 n r 4 JjJ&jJl 


J^lud‘ j 4j^tj A 

*3jjVi *>4^11 43jU jt-iit 





£>SaJL 



(3-13) 


L>« t ^ I a j*yjit\ \ * - u f * ijyi £l>j)fL A 1 a * u i j * .._>*>. 1 'J ■ aj 


ju_fi jj ^ ' \ l ^yj 4Jj'^*_i1 ijj(j jj^Sj (^qjjVl » ijjj^LJ' la ■ ■■j’ i » ^4J') ^ . .-> v i - j ■ 1 1 


«xj y = A(n y -1) (3-14) 

(a„)b . (<XoV (Cfo)y ^lIS C>1 ^U JjAlil Ail* jL-SjI ,>1*4 D 

n b< n r ^^n v 6li 



Jb — (^i>)r 

(**•« )v 


n b" n r 

"v - 1 


t 0 i jL^tj a •-* '“^i 


(3 - 1 5) 


If jjj U£ ^A} i Dispersive Power .$±>111' C0 U 





uuall 



dJLalajLoJI osuJaoJI 



icjplaJI jj-uLSju > • 

^uISju^T 1 Aj$> j m ^a^Lxiil 1 ibslj ( N ) 

1 l {yA ^^4jJlo ^v^JlUI f Ixi lJ 1 $ I^flLuJl It £Aj^lU^ (T ) 

.^ull ^Ll .j*L+* ^ya L^ju^ t - *Jlj ^-u^UJl 


C±uiJ\ 4-C.^yu, u£M 2^-1 wJ~u*J I^id ^jl I^ui, A C v<i 4jLiISl j£c ^jLlyJ k tfbtil ^ C^Jl jyUkJ 
« k _ T Jj '_! i?^LjaSL> 1 i» a.*> 1l ♦■'■•'v^- ^ , ^ ^ . » a!> l;T 3 Vj AjlC^ _jLJi ^ . ..j1> ^9 v^ 


^iD 1 ia-i-ujJl ^ ^LciiiVl 1 ■-g-> <to yJ] JaSM ^ rt 4» t > A I 3 V-L-?» i-C-4_uj 0) 

.1^ 1 HjfrJ 1 nijfcj* Jy4 ^ mill jt 1 X J.4 LjL 4 >1 1) I ^VtL^jcu^J 1 4 juIj <1 .1 i » 1 


l n 2>^W J^>J3 C.-jLU< 


sin 6 

'"^ThT? 


, ^illTl j'l ..iCiVl Aj^J 0 i Jj|V‘ {j h t--% U Aj4|>J 0 wML 


^Ll id f t jVa >Lill j j> .• i t, I w " ^ s^La^U^j Ja^LoJt ,j-J l in I* £buiJl ( Y ) 

rJu-dlAJ* jLa-uJl n _ t Lc -If* 1 4 jjytm* ^ l^JLyaJ*- jZS J^ulM gta^JI 

.1^ . n^J 1 V| .>> II A^l^Li 2 1 /.l * ^l£ll t^iH^Jl ^yll J*V1 n^Jl jl AmSjV 1 J.4 1*^4 • 

5 o' \J^ Irt ... jJ 1 V 2 *<-j iX II Aii-jhj-u ^J1 ^*¥1 


I n 2 - 


*1 


, ■• -• * L£J ^yc4oJ 1 jL*a£j¥l Jl^LjlI 


Jl = 


^jlb t-N - .• j ! ^ It- a T I j Lu iiSjV * 'ul^ 


V 


. 1"V ; n j> 1 1 ^3 N 4 jC.^j_u ^_h Hjui-f I LJ7 3 >? h i £. jm_6 4±juuL5 


j) il .^fl ix^jj jjiLiil ;Lut*ii^ 1 J^LjLA Jj^L> I <i J 1 f Jjucj Jijj'ui • 

Aj^Ij 11^ ■> ^.3 jl 111^*1^1 . II J1M 1 jl lAlV 1 \ 4 1 i-uJ ^3 J). A i rttl 43 5 1 j » l l ■>• 

.jl—iiyi 

iijSiiKj) = ru sin0 










jil 'it! J 


A jjl J|t jjk > m'I a) jD t i^JuJL-ui ijrjju JL& ,jjij LuL 1 


Av = 


Xr 


”* 44 v^-I1 rw< 


_sJL£_' k ,Jl » " ^>V - 1 J-jL^J 1 ^yo Ti t ^_L3e_L-t^t • /V 

. ^H, j A/ > JrLi t-Liil E d 4 j*AJl 

VyS jLluSu 1 4j^j L^JuUiJ 4 _lj^jJs LlS" j . i^ V * la_i_u^i> ^^3 iayai ii ibftlj i • 

9U lAj'JLdj* AlJ4-U^ 44LlS JliSVI ,L*1 AM jjl 


Jyp ^ j t li 1 1 JLSL1 -lie. <4-f k Aj ci 1 Jw h i *i ^ «-jaLL« jTjiLuij 1^ > n jJ 1,1 j 1 « >V 1 J^Ljl4 


11 = 


1 


j) ^yl] .’ u jd 1 *JLA 


S\n0 c 


j ‘ \1 -J I * J> » ■--> dldLlSi } 1 SVl J ^ Jt T 1 fj, 1-+ 1 1 Uj. ^ JA 4_JJ|| j £j< I 1 .A . kliT I < _J£J 1 <Vl 

JLk: Lojlj 2uS>** JJVI ^ iAL V t>uJi JLi 4ja|jJ| 


.LIS’ L^lSLsul 


. ^ylSLf I Jx. JlILs SjbA'iia • 


A — 0] 4- 02 j j -'“ ■ y i lV'O ® 


^jLrtl I * la^)LuJ k (j*~ { m /..tl ^1 jlJu 4 1 ijru 3 jj^ in tI, 1 SaL^Ji O. 4j 


i <LA^/1 jl1| JjjO Jnijj ^ 


a = (0 A + 0 2 ) - A 


. ;j /l, * 1 1 ^j*k ^ A * 4jdlj ®2 


♦l = 0 2- °» 

»,=*2- e » 












t SiL* jLulSj' s J J < LlyO [m 1 > 


sm 


a 0 + A 


n = 



^uilj 4jjil j A ( ) 1 JjL^jJI $ (J* -i 1 ^.otj V 1 4j_$1j 0C o * jLuSiV 1 11 Jlo-?- 

% 

f ^.4 J^_£ijjk J j rfVl 1, 1 ij^JULJ • 

0,1 = A (n - 1) 

r^aJi gjli /w< > . ■•« '»„' j^jJl j>^Ul ^ i£$ljJ' £>>ii¥l • 
(«o)b " (<*«)r 


.cl^vAfcJl 4JLOIV 1 iJsl^ouf 4jjJj (CCn)r 


< < li j _ J 4iLiiiV1 <Js l^9sj* ^ l 3(a 0 )h'H^‘ 




“tx = 


(Qp)b- (tt«.)r 

(«o)y 


Cl) u _ 11 t> ~ n f 


n v - 1 


j^SuJL 1 5^L* jLc^SL>l < j f a n b _L 

. jLmijk J.4 La_ 4 ll r 

» VI (jdJi j4‘ — ^ J^Lo jL-UlSul fly 



UL^I 


0 ^ 






.4*^4 JL Jj-LH (jSL-kj ’iU a - S 


■E. j) il-^i 1 1 Jj^-'lIU* £j^Ua 4jjJCJ ^sA 1 -V 


. u»>1 j 1 4i f I aSL> 3j^ LLa 


a -r 


«Lj£ 

AjjJjJk “ L* - •■ ) } * j\ A j& lVfr JUIjl* ~ ■ ■■ * ^ jL«atSuV k k jL fl lj_A 

.4-fll^tlV» 4 j*!j - 


l^IjLaII w l*£l *Qi Ct 


iSMjjk ^>4 c v^cu Jyi OrUxJlIi* Cryb-Lfc Ow iflLm 0) 


,♦*. — $A> ^x-4-j jj^jLi {»— j) 


iSMx/k JT1AU jjAl* ^3 SL^V k («*) 


l«* kOjU JjjJlS (.a) 


jL^j^-V \ ^Lal (V) 2L*iLc. J4i tlxjlj 

i \j^ 1 c j ilr^ 1 1 j.i^ ij l_4 1 ii^ ! N ) 

^ulC^iVl 4jft1 J Jyfl 4j$l j (l_j) ^vfcliaiVl 4J$1j t+A A /.it I 4 j *1 y (1) 

4jL?-^ J^jj V (j) ISLmjVl 4 j$1j " .La x^a . * 1 1 (-^) 


(jL*.C iVl ibftlj 0 O 

OJJ^l 4 LsIj 


sin (b 

>) , 4iiiil.h ijaSj 

sin 0 ’ 

M 


L UdAL (V > 


iLi ikx^O) 


Uil-i j^xfe^AJI JL^I^J' dolj jl JLd4 (>) 


♦ U3b ^-iJr U"1 t 1 JL^Ij^Jl ^>4 JS1 C^15 jljli.4 (^) 


lw*Jl c Ja jL^y> 4^lj 1^>JI ^ Jaj^LuJl 4^} (T) 


-JaiVI ia-ujji5 ^!LaI> jLuaSjV' 1 J^Ijl^ (i) 



lW) 










ilUl G_j) 

. ^JflVl .In ... jJ k ^1 In ^y> w ,a^aI I jL-ttSLaVl JUIjla (jj-) 


.^yllUl .In 1 .1 ji 1 J^VI In ta^J 1 ^_,i i itlt I jLh^jVI JUla.* (^ ) 


. ..j .n 7 ^L-uSjiVI JjjU _4 (1) 


n,n 2 Or) 


n 


M 


. ^ w , v _ ., ._, — 0) 

sin 0! n 2 n | 

, /yp uj IjlpijMI » - -■> T 1 jAjL^UI ^ju» j ^Jt jj ■'■■' « jjL<j jL-SjI JULjm JnjJj (2) 


sin 


of. A 


n = 


sin 


Oto 

2 


m 


n = -55^" o) 

sin A 


sin 


n = 


On+ A 


sin A 


0) 


n = 


. ,a<,+ A. 
m " ( ^— 1 
• , A, 

5m ( T> 


(-) 


i ijj* J^AUI ^3 i_a IjjtjV* c.nJUJ (1) 


a 0 = A (n + I) = (_»-) n = A (a () - 1 ) (^) 


a^n(A - l)(l) 
a«= A (n - 1 ) 0 ) 


4j*lja 60 la j .1 mb ijci k j i-lJLS ‘iLa . ^ j> jK_j J .n Ttta i « ^JLl In it < « j 


* • 


i(V) 


t> * ^liii yi j 3 v» i^yi jU&vi >Un ^ 30° ;U£vi 


20 ) 


yT (-r) 


i w 


v'J 0 ) 


Jp«LiL4ii »»* JLr-1 laJT Ic> 43.5 


(- . 


i (A ) 


^L-oSj* 3by3 .IuISj 1,5 dJ^La jLtuSlil 




40 ” O) 


35” Or) 


30” ( v ) 


20' (1) 


2bft1jJl a.’i A JjN _L_^a jj), i^lQ < _ ;t £ 4 i*nll ajL^Ul t ? ^3 (S) 

t jU& jLuAjI 58.8 t > ^ j j ^u^ b j wJLS 1 jib 48.2 


1.85 U) 


1.82 Or) 


1.63 ( v ) 


1.5 (1) 




45 c1j)^.lT ^U-L^lJb 1^ > » jl 4^>^fe]l ^b^lJJ 1 c^\S, I^J • ) 


^2"0) 


I 7(-^) 


2M 


1.64 0) 


<_al^_3fcjl iJi^Slj I .6 «G^'Lj4 jLloSjI jU^J-4^ 5 4-1-ulj 4jcj!j Jj 


3° W 


8' (-r) 


6 ' M 


< 1 i *i j.-^ f I 

5 ‘ 0 ) 


8 4-i_u)j iAjVj . i lA Ijli 4 j I ■ ^ l 1 r ,„tl d i ^ i'.-^i T 1 2 >% ^ VI lJ3_^3cj ^ *>* A (^ V) 

i y ^ 0jjL« jLuiSLsI ^j'Js 


1.6 (j) 


1.33 (_ r > 


1.4 M 


1.5 0) 















3USL-|i*jt »t' 


CJUJI J 



it)-U 


<u5UJf Jil^l ja!)i 


J JL>- y I 


LJI a 


^1 


AJUII J_«=jJI 





j*. ^«>L* yuuj ^u^yi j*. 

Ua* ,-bl.^ .^U ilj d ... l^liLli Js Jil^t j£. JaaU J.(jUJl o' .iujUJlj ibLJi 

4JL>LiJt >jl£. 4jliIjuajV^ 

• Vll •»« M • 


j J* >j- -T* u tiUj w l*~ 3 i 1 fjLij 


Ji^ J*0UJ| o' 6i 


V • 


*_?■ J*^-' ' o' Ui. Incompressible 


. 4 JJS Jl?-^j 


Density voiL^ji 


• « 


P '-P ‘5-sL- 4 


kg/m ' <jJ$jl1i (*UaUt jj 



(4-1) 


•oJb U. j .^\\c y 45USJI ^ >buJl ^j^JO 


.^jal* 63V' * > 

9 \ £>\ >d» o^ iiixJt iil-dt ^ Ji^Vl -T 










fri'>-ti 


*Lulall 


kg/m 3 

i*U> 

iiUSJi 

kg/m 3 

fell* 

820 




13600 


2700 


1260 


8600 

>~»V1 ^.Ulit 

1000 

•in 

8890 

^*.*9 1 ^L-tuJl 



2600 

5^1 


• CitjttJt 

19300 

yftill 

1.29 

«'*J< 

910 


0.76 

jjLUi jl£ 

7900 

■AjjlW ( 

1.96 


11400 

jjl 

1.25 

* jllm^ J*' 

21400 

ityXZ' 

0.18 


7830 

wJL^Jt 

0.090 


1600 

jSLJi 

1.25 


1800 

yAlt 

1 .43 










790 

j^y j>^' 



900 




1040 

f jJt 



690 

^jun 


4ftU5LJi <*** t 3 j> ^ > i-^jj cli» 4^LL£ ^J] L 4 3jL# iJaLL£ 4 i 441*) ^lr JJLaj^ 


4 ulJL 4 SjK^ 4 ^JJ ^ i^Ul iiltf 

— — — ' - - *>U ixx^Ui iftUSJli 

SjljjJ* 4^-jj ^j-Ju ^Ja «li< 4ft Uk^ 


. 3jL*U 4JU*uuJf 
— - 


(4-2) 


ijl >> ir-jJ ,^3 5 jU* j-* Jr-JL4 (*aty illS 



I «H* ^yA » «3 I 4liS 




iiLSLU JjSj V »^J . JaI 1 jL«-L« Ju i4 S 


- Mil 


*‘l iiUSJi 


ijll 1 u..,|i 4 _aUSJ* oV 1 


* 1 ' _U— t 3 jl 4 1 1 4 JumD* 


^'^ii:.i:; , .u“. 


UpJ ^ ,iJ^. OLiilll jjl^J > ^ 


S j£ i^Al 4J iiCUl - \ 


io^SJi £>3 L-Ju*i -ijU-Jt JbjOxo 1 iiUS ^Ua fju 


k*j» 4 yLtL*l i_>J 3 >(, .1.1 V 4 ^x*--) ^iyJSJy* Jf 1 * 1 1 iilis Ji 3 iijlkuJi > 


4jjILxjJ* iV 3oLc.] . w f j t^Lo j >~>l ij^tS Li^> J * ji^Jl v* <U^. Uu ) _ y i >*1 »j^ ;S I 1 



^1^1 uhaJi *L ijuili 





AJ&LujJI (j&ijS 


(ZdijJi b- ,—t.hJ t 




^Lulall 


jSu$j tlUjuj .4JbluSJ» Jbjyifi 3^-4 4 w w>L^> J1j[1jj*j£J) 


A JJL 4 JVjlL-kV 1 4 dLk£Jl ^jHilxd Jy* 


. fjjl iusLLS 4 i aLi!> ii&LXJt JjLL^L^j - L^j^- 


• • 


-r 


Jj Jo*j 'iUs 4 1060 kg/m 3 ^Ji 1040 kg/m 3 l. i : « i; un iiudi ^ ** 5 fjJ» iJsLSLi 

,fjJ» w waU Jk. dJj J.» .JJi Jt. «i» 5 olj ,»ajt b*j- J~S^ ul Jx. dLIi 

.(U*bv 0 fjJi ji* J»^k ^Jj 'a** 


jt j_sj Sjbj Ji w „j< >-< v* t 1020 kg/m 3 ^ Jj_JJ <bl i « li 4_abSJ»j 


•J>J' 43 US 4 LLL* ^Jj * jlAj .£>L»V» 


i Pressure 


ttiind 1 5 jl^5 ^JLc. 3^5 3^ilb • 4 Lx3lj jlIc IajlwiJ* Js^vaj 

(P) kibd' o^i (A) 41*1—. Jda- ^k. !*>>*£. (F) 3>i j5» »ij dUol .ikiJi diL 

t w w* J±*jj ’rlrttull t-jJb Jt 


(4-3) 


t .jb . vj_vi' j_LUj Sj-b _4 (A) 4 _*Ll^J.I < JjyjJli ij_La_* (F) i^aJi jV 'jkjj 

.(N/m-) jIaI JjjXi ^ kiuaJ* l*> ,^-Lij 





oVi. 


5 jLyjVI f jui fi ^ JUt 


I 3 jl ^3 ^Lc. 3 $^aJ‘ ^Jb 1 ^JL_— aJl JV 


4j o^j ^jjl laJLdJt Jy4 >,.4 1,14 w 


• | • ♦ 


> «..-> • ■» >t * ,_,»SLP 


jv ^k JbJ' 

.(\-t JSL1) 4 jU1J 


lx*— aJ» |»£444 







t 4 a ^yL) L> ^ Alaii jlLc 


^Jj *Jl> ^3 JjlLJI 4mtnft ^ , k ^*1 ^ 4 IfJSjj f*j cU> JaJLlM 4tUfl <‘*a 13) 

3^11 1 JJkA i^Jkl ^jjj 0$JU Sj^ci-U w vXLjJ * 4jJcai ^Jfi JU ctl* Ji J-uO^J tjLfcj 4 4JL>lj 3^4 cllj jLul* 

. 4ila3 1 > £JL* ^k clll kik> LUj 



Jjk kakJ* 


jlta-w. ^1 ^k Lij^c. J$£j JSL* kikJl (1) 

4Jft 4la3j w lS Jkk J^ftJL4 b^&AJL la W1 f < (k—l) 

JjL-Ji Ja ‘u^ jlau- JLc. la 3 111 I b»L— * J^Sb ^ — ^ xLi— , ^k kikJ' (j) 

<lSLil ;*3C3*I «L^4 

.<Uk JjLuJ! 4 j-jl» lak>« J3kJ» oji JikJ* CO 


jla-b* ^Jk 3^3J» *?L?cj ' 3 .abtjt liibla)) jj^J <jl JS L*J 4 JjL* jiab 4kk ^1 Jbkj 

J-4 vo* ^k La* wih <^Ju 4-4> 1-4 (%ia» s ^JLc. li*ba)> J^Sba . jk^Ji s _ T k Ljj^ 4^ J^Sb Jq* 4 
•J)G^3 4 *k ^]3 JlS-4 JjliIj JjLi-iJ< 4jl ^1 .4jlSk (%! $J JjLuJi 

.(T-t JSbi) kikil* jij JSLJ1 UlSj 4<uk 1 JiLJl kkk j Ji^V Aij^ 
















(r-t) 


Inm^ M ^pl^J* ^a£. ^1j L*i£ 



Jx- (A)m 2 





*Aa J^u.(t-t) J£J 5 J» US p(kg/m 3 ) AlillS JSLu. jJcu- 



. JjLuJ» ^v* 

(X) £>Ul ^ic. Jil_^JI l_*# ^2Jl o' A>JU o' 

JV *(A) (h) A-tU3j» JiL-Jt > jj* ^iL— 3 

i_soLJ< «jJLIt jli .Incompressible lal > i^U Jjli ^-c. JJLuJi 
.(h) AtLii J« ^al< JjLuJi oj) t 4 U>3 o' J^V JSUJ» ia*J> 

i Ahp JjLJ' 4VS. Ah JjLJi ’ i a o' •—^^f 

.ii}U)» Ja JxMli F^ JSLuJi ojj ul* 

F g = Ah ^ g 



«•• • 


g(m/s 2 ) > 


. 4i^UJ« > (X) ^'>P JiL-Jt 

P __F Ahpg 
K ~ A " A 


(4-4) 


♦ • • * # * 

. ,ttii l t v . r 
v ' * m .' 1 



H j A r ^JLc. <jla\j ^3 ) JUC 6JL^»5 JjL-uJ 1 4j ^jJl ki 4 a1< 








LuJ ! 



(J f^a^Tt 


t*_U 


SLutiN 


iik^H l^k-UU 


^SUJ» jdo- o' jt-bLcy* o-* Ui*»l til* 


■ iitAjJt ^y* ^yXtuj JjL- Jleb ^U.V, juc. ^JSLJi 



( 4 - 5 ) 


j - c <u!ob ^jJ) jlIc. P J*' --ti t»« Js 3 ' ■~* t 1 a1 *-b j_U $5) 

.£*»)♦ O-" juc. JiUJl AalS^b^ Infill JbJ>j US JSLuJi jIcl*. ^3 (h) aU.v.t i 



jy^dl ,jJ| «Ul njuji 
is * * j» 1 1 ^iUV 1 


• oJj oi*^ o' o^ OOA ^3 

Jl^Ij 0 3 ■•» < oi JAJ ^Ifl laiJt - \ 

U «.'--%>> ^yJu l^J ij^Sb JjUi 

^»jv») «»;_>*• Sii t ; a cijj Vuo jiL-Ji -r 
c<>jfV« ^ Connecting Vessels 
SajJ^i l*J Ai-.i’.jlt JlSbiY* Jfc >»J» ^bu * jtjLill jwUb 
.(0 - t JS-1) ^ «UVi Jjtli 3^ o' 

jUvJl JSJ J_^'3 jia^, ^3 3 ..4 JLi 


U « .-■> 1 1 ^4 ^ i if 4 jjlc.Ls julC. j_uJi ■*' ■« • - Jbjj -T 


. (* - i JSbl) 3 ajl -' 1 -Jy’jjtl' 





ULtfJl ^[jjuusi\ 



AjS Lux? I j^X\ 



lUOil J rrarttt 





i-> >-ji ^Ja jjt^ji ji^ii 


.*U»> U Ji^- JSLi Ji^ui »L»i ii*il j±U 


j^lfiL mm JmIJ i^ujV 1 ^Jll^ ^vSLxJ ^ i4j^uVI JL^' ^ ^4 

**i*jjJu ell* Jaj AD jjj 5 h 0 4 -cLij j» jSaJj * C jl 




“ ■ 4 o^! — JjJ' 


AD JnJjyt jru J^>\_S 


jua j* v ojpt* «U» o' j-. 


.(V-t i») h w AD Jji j^jV 1 ^ «U* ^Ujj* L jS*±]f 


D JlIc. 1 ^J| ■ A Ju£. Uw>H 'iV 1 >Laj 


L*^ fl 

r 

^ • • 

I * L *' S 


Ip 



••• P a + Pog h o = P a + Pw8 h w 


4 _iLLSp w « 4 -#LLS p o t 


I u;.\n P ( ^ 


.«Ut 


^oPo ^wPw 


(V-») JS-1 


i ^JUJt jjtjjl i>7 lc. 1 a jl ,.i ~ Vi JjSL* j 4 ajLuJ( 


(4 -6) 



_.3 Ji'j—J' 
JjiouU' Olj 


ULui 3Ui-J* 4iliSJ< Jii-3 J1 *j h w , h c 

.tlojjl isliS 43 jJLt ^S-*J cLL< 43 LIS 4 x 4 ^ 1 jmj) 


1&4 


Atmospheric Pressure j^> *J » 


w 'i ■ V- tt ^_L4*jLJt <•» ,JL>U Torcelli ^LA <*Us t UiL^M 


jt 


ii^*-VLS .Jjjjj 4 j ,_j 5 | 4 J . L-Uj LfcVt*} Ijl< Lpiks 4 l>L> j 

4J utf Aujw oii-ki I JLi iu>uVt Jk JP3J1 5 U- o‘ 

4 j 0.76 m 


l> JP-* i> *!) Oj£-i *#>*&* cr* 5^ 3j-* ■» 


* o' u 


• (%4*b Jjl^J » 1 jla (aLul^ JU-*} JSL*j ^ jJi 




iUSLuJl ua\^> 





rv t>> e^jV' ji (A-t) 


Ita—U 


*Lulall 



Li_i, 


Mi • ^ ♦ ■ 


" o* 5— »-‘W 
J^_S 4j^_*JV 1 Ji-tj •> > 4 « ? h 

^u3 j ^1 * ^ jl) w waJLifc) ^ ^iduaJ * 


1 Aj 


I 


Kuaj 1 _ r j ab^—kJiV 1 OjL_S « -- »L_IjIj JtAj 


JiL* o4 }» 


(A-t)JS-i 


• ■ - ■* B, A JiTUV.t) U .!»-' <i>Jj 

Jev 3AJJ' t^J 1 oj£» - v 1 *• .* »(A - 4 jSLi) j ?-i) 



■ •■ jlLc. 4j^_ijvt ^•) 1_ >• A 4LaJuJ’ 
Jli 41 >(^ B iu.v.h . Js 


A ju£. u^.ut > - B ole. U;^h 




(4-7) 



» • ^ • 


(0.76 m oJ'>>) 4£.Lajj> JaiJJi J* ->>•*-£• oji 

Ij A 4 


1U« 


^•) &J-* 




*t-*> .. juc l_L-La hi .rt jLLall ifti tail 


0.76 m Hg }*} , 

jjSJj iO’C Sji j»- i>jjj 0.76mHg Jaiwxti 4 jL> S.T.P 3j* ^a)i i>jjj u « .u f > Jj^ J&jjuf 


.JitjliJt isJbL- jlIc. « Ji£ to* 

jVt 4_L_ijL_3«J i 4l-»,c 3 13595 kg/m 3 0 ( ole. j_ijjJt jJil, * 5 jv 

jli 9.8 m/s 2 


P a = 1 Atm = 0.76 x 13595 x 9.81 


= 1.013 x 10 5 N/m 2 








UL^I £ 










3 JL>- 


V A 








UiSLa . vZjL^L^lI) w b*jSft jLa-u- 3 >^ 

1 jlA vi it »j> jjd w w3jS M ^rtn <b w vC. U-* *u 

JbSf* 4JLL5 JUiL A . JnjL^nJl ^jLJba J^ 4 ill 

■Li-i— b .) 1 V 4 laJk i*aJl 

JnjL^nJ 1 Ujuil jJJjJ - *r^ ^JLi^ljJ* 
ij 4 LL 3 <^3 jo^L jJlLj 

igjL^U L^_jl_ 2 Ju In a. wi } > 

^3 lib Ina-^-x ! 1 t jla mJjLsl-* JSL 05 

* ^1 I * 0 ' 5 lif ft* 4 i 4 ^ 

3 L-JJ 1 v ^..^3 jJLJb Eustachian Tube 
4l *ln?t ^JLc In a * j 

*0 * - t js^i) ^ 


1 


^y# LdJ 4 J ' 4 ^jLjJ^ ^y* 

.N/m* ^5 u«..-> ti jj< j >^.i.rti 
. (N/rrr ) e^jlSLU "JlSL^b” 5-i-> * Cj j3cj' _uL! « 


1 Pascal = 1 N/m 2 

Pa = 1.013 x I0 5 Pascal alLd< J& <^30% 


£' S_u- * tltjbul l*£ 


1 Bar = 10 5 Pascal (10 5 N/m 2 ) e^ilSU "jb" 


Pa = 1.013 Bar alLdt Lak^h oj^» ^Uib* 


j>i 4 ll «4 ti ^bi Jx. ^Luaj Ijl* 


1 Torr = I mm Hg 


, 0 '>sJi Ui^h J£i dJalj 


P (1 Atm) = 760 Torr = 760 mm Hg = 0.76 m Hg = 1.013 Bar 






m. ■■■■■ 

du£ luJ ! gj\ $J> 


lULjJI J. i-ao]' I 


i* 4 t* 


kLjjlalt 





JSL* al<S ^JLc. U Js ^ JSLA ^jJLc J «■■«-- Cj'j <u^>< Jc. SjUt Manometer 

K^is j ji tlUjJ ,4taitu9 C »-Ui j' jlilt ^n«4i At <i» A Ji^uj i4S]^m AlsHS > tmlt* 

,^3 ^j^-J ^3 ^ JjluJt jtL. 

.J£j (» > >-t JS-i) JiLJ< ^ a^tj ^ ^lu*. ^ B.A lioi-l lil, 

p = p a + Pg h 


A u;:^t i - B ale. u«.ut i 





I 





0) 


-U »-•»-' I Jy* Jit jLL'1 


ufr Uji* (1) 

OjSj Ujui (»_.) 


LJ, pgh .^t P u > J& ^ ^**1 » jli)> JaiJ> P ±1 

i)L>- > _ T i ) . P f P _*j U « .'. •« t 1 J Js B 4lokJ< Jp 


JiUJt 

. Jl* (- " -t js-i) ^>aJt > jii P 3 UJ» ji* *! 

P = P a - pgh 

^ jda- > ^jiUD £>)1 J» JjLuJt Ajls. 

ml b Jirt 1 1,1 

L*j)j ^ii«tt jLiJt hiiMi jAjj Uj jjSj V ajlLoJi oUjuIoJI j4 j i* 1 ? 

« iajjs JojulaJ' 3>* o^Ufl jukil w v* 

(4-8) 

v 3aj h ^UujVt jjjji . l __ y i p ■ - f* iitlS 4 js ^ m.4.1 jSLo «Jla > _y« 

.A P Irtish j> uU> g 4bk£. iiUjSf ,4 u«»A ^ JiUJt 

I U«.U ti 4 ijjL 4 J jliJ* Iftiui ■ >t 3I4J ' •■-> j t * 





UL^I 











3 JL»- ^l! 



m- •. 


»^J .3.»j$Vt$ J y» 


fOii J*_a- > ,£>] J 3 L- fjJl -\ 


• b abb bLuj' j^Sj L* -Sale.- Jy> !»jJi ■ ^“ u **j - ■ ■ i ^ 1 ^ j^- 


ijl* j i I i_tj «gt> > bi ,1 bj-> yi 4 J^£_) <bLa b jin***-* f jjl «_>l * *»>< J. n * 


JS lil L.I 



< JL^J J**J' J-»$ . Luj JJ» j m-iV 1 1 


. U;.U!t JUcJ -Silt- .fjji UiJ» ^LJ JL^. Jjjljw «oa 3 , Jbj-Ul ^k. 

i*Js w ^» > Jbj-Ub ,»jJi U «.:-> j$Sb <ui j < Systolic Pressure ^^hbiiYi 1 m uaJ* 

^Jj Left Ventricle >^vt jjJoJt <-a_uj* .Lilt il*b_c. ^U.r; L-alc >Y.t <4J 

oJj ^Ua >5 .Aorta G^Yi) 


L- jai ^Jj jb,_JJb ^jJt J a*_b> Jbj 4_i_a« t Diastolic Pressure ^L^Yi !r>« -->Hj 


120 ^b^yi !n »..->!< 


jia* jL-iy ^*5 - 



80 Torr Jab*byi Torr 


Jil JjjjLaJl ^4 ^.UUt i*»L . JU. Jaib> .1^3 «»*lb SjLl-Ji jllaJ 'JUi -T 
jUayi ^UJLI* JLi ^ui V .4 JcLi-b. ^a «3 LUIa 4 jlb»yi ^LS 1j» L.» . J,S-o L> 

hiib ^La Jy ^ 4j j «jlL>yi --; .iHSLL^Y* aabj ^J] dJ3 0 'j jj* . a'ajb 

.(W-t i*ib» ^Li*^ j^y 



3jL*u* jllo 1 <mi..i ^LJ 








iUSLuJI 


iitllill 1} 


frio-tl 





ia 5000kg/m' (5 cm x 10 cm x 20 cm) i^bui 






^•j ■ - ,^j£. 


(IOm/s 2 4i^jSr* iijiLfcl' il»t ji^,i) 


J^J' 


jJ 1 Jui> 3 3 ■*•! ■ -t I » i.A JJ ■ Ui ^ l_)LuL3tl (1) 

(5 cm x 10 cm) asUjI 

_, F 5 x 10 x 20 x 10' f ’ x 5000 x 10 ,_4 , kT , 2 . 

A 5 x 10 x 10^ 

^jji jjbj i j^Svl ks'Lj^L 1 j,' j 4^-p' ,__lc. , T Lu> ^* i 1 la »■-•* Jlil i— >bjL fc l (i_>) 


( 1 0 cm x 20 cm) £Ab>1 


P = 


F 5 x 10 x 20 x lO 6 x 5000 x 10 


10 x 20 x 10 


-i 


= 2500 N/nF 


jJL* aL* <Lj f_Li Jji. 4 Ia4 1 a ^ dJUi ^ISJ 1 t-» « ti i — ni -V 

; v o>4 <L> ^l_li J 000 cm 2 1 tlaA* 4_^Lt£i^a dj_>L5" bj 1030 ks/nv ^ ^ * i t’C 


£buaJ‘« 10 lib's 2 4_JbibJl 

J 1M ■ 


% • 


>J I cljt 6 II ^d^k! 1 till jdajjj ijiS* 


1.013 x 10* N/m 2 s^' 


1 i 




^icti iajLjudJj -1 


i> =p,+ pgh 

= 1 .0 1 3 x 1 0 s + 1 030 x 1 0 x I 


= {1.013 + 0.103) x 10 3 = 1.116 x 10 5 M/m 2 


t AilSJl abiUbJI 3^1 (,_,) 


F = P x A = 1.116 x 10 5 x 1000 x 10 


-4 


= 1.116 x KTN 


nA 




qJLqLuuloJI asuiaoJI 


=3 


ULtdll *bj_Jrfl 










4 J&Lua!( £jl ^Xl fjaS. 




aH'-M' 




jp i ^ 1 1 j* r i ii i -■ '» a ^LiL ^ ^yj 1 1 ^ ^ i ^jl_3c_I_^_u I — T 

36 CDl jljLLaJ V Ji ^ wUJlI U J ' ■•' , ‘ ^ I ^vjJl ^ ^,lf 1 1 

N/m 2 (_?-) Alin («_j) crnHg (0 ^>otl • jliJl l* » ■ ’■> La 


0.76 m.Hg = 1.013 x l0 5 N/m 2 ^**11 La^Jl JL l«k 


» lW' 


. cinHg J.1 


0) 


P = P a + h = 76 + 36 = 1 1 2 cm Hg 


i (Aim) via 1 JL>^J (i_j) 


p _(P cm Hg)_ 112 
76 ”^76 


= 1.474 Atm 


. N/m' 2 (_ r ) 


P = 1.474 x 1.013 x 10 5 = 1.493 x 10 5 N/m 2 


*laJLa . .. »^ lcm* 1 1 a«^1 ... . LI *C_Lfc .jJjC. -l 


/*« u+* — «» *$ a ( 1 000 kg / nr iliLiS) aUU Ui^v 2cm 2 

. ., wLiljj . .... -> i 5 cm Cxjj2' .s$_<ui J^Ls ^ .^ 1 ^ l i (800 kg/m 3 

tll.1 e-Ul 


» lW' 


•• P = P v g h 0 = P u g h w 


•'' Po h o = Av h w 


h - P o^ = 

■*\V r* 


W 


800 x 5 
1000 


= 4 cm 




JaIjUJI i> JSfcLiujI ^ V flj-US. iL-L^a «l) 


tljy* JILZ49 _vjU_) V cLj^S’l JjLJI . . .. j jjl o jJJi ,j.a i dJjjjjV 1 ^£. s± 





lULjII J- t 


<LaL Jl SJL^jll 




i _>- ^ 1* ^lc. Jiif' Sabj 
JlUJi Jt U ;-•■■>> I 


* Pascal's Principle JISL-b a 


jslul jaUis «u; ji*^t lij 

t lai-^Ji ie y^\ Js (>T-t) 

4 P =P, + hpg >* h J*_c Jk. 4llab A JL« 
^7i Jj • I > 4 j - b kljtj) JjbuJ) il£ lr> * f 1 

.,^a£J* a*S jl UjJJ JoiuAJl 

uj^j hlllj«- A P jIjloaj ^ If Irtish liaj <jjj 

^J) iii ^ Vi f U — s ^' l -^- .C li ^Ic. -'-) Jbj 

Jl£. U. ^!' JSJ JaL_*Jt JulLU ,»Jl_*J Jj-Udl 

t A P ^JUL4J a'a^JLwt 4 ^>4^1* /fcV) ^iLiiJ^ 

> h JLat ^lc A 4Lbj _Lc. u« ,:^h 

III MA ji£ '■i « ■-■> 1 1 | A P jlliitJ jjjju ’ f U.-l l 


.«b>t 


b j* v 


LiiuAH aij »jti .P=P, + pgh + A P 


m 


»^Jb 4 j»jl,IaJi p.ia 
^Jj 4-4L4 JU JaII j iajL-laJ» JLi «li) 


fts jloJj 




uaiA 


5 » JlS^b IJUAJ »JU* lJB 


^>1*1 ♦ cijy* JjLuJi * 0-^ 

• ^iSLub Si tf Lb 


Hnlraulic Press 


■i^J ^ . 1 •■ * ^ t J i^w La a Juc LaS . , 1* -V i,»I 'v ' j 


' jJS t ^SjJajJUL^J* & t* 1^*4 4 JlC 1 a b 


4 alflji 4_> L^4 4 j 1 «~-> M ^ Al» jw# ( ' t - 1 ) JSLU» >jr a l a * 7 ^SJ^j.i ^ALl* > .*> j_L> 


.1 Jij j4^I* e,^ll*aj (A) < «L>4i 4»-L_45 ^uaU* 


Ikg 



* t 



JjLaI* Jy4 j njV 1 wuVaJ * ^jltf 4^4 (I) 

.Jaj ¥« wiLsJl JiZi 

>—4^' vjLmJi jJLc. 1 kg Jil (wj) 
JywVt — ibJl Jx. 100 kg KA Jj_5 ifj 

1 : 100 a,A jru»-u-it ^iis ijj 



di-QllJULoJI CLSUiOoJI 



^l^l^lUL^I ^Uu 







ajsuii 


CJlin J laa tt 




SLulill Sjte^Jl 


0 


. U%,1a T i cV- Jlu ajjJU JjL-J* ^Uj P c v-ail* jjU tili 


^ AaU ^JLlmJI JjLjJi JMi- <UUJb P lajuajl lj L* 


F jjuSLIt kSJL' ^JLc. 3^aJu (f) jaJuaI) ^JLc. 3*5^1 * 3^aJi J) L^jJa ti|j 

^Js JtJjyt jlc 4 au 1> <J Jx^lmuSX\ ^k. U% ! < jv 

•uii 


•3 O^ 1 


p= i = 1 



(4-9) 


^£i> w l*~ jJ^jl> 1^ Li ^jlc. f ifi jj£ UjlLc. <ji * ■-*» -j 4 _ojL^J* ia VjJ’ j^*} 


^jSLJjj.iA^ft L) . .£*11 Mechanical Advantage iu)V> ijuUJ'j .F o^aJ* ^a o$i j> ; Ci 


*0-* H >*>*4 ^ j*A9 



<4- 10) 


erf A&' lT-^< 


1 ^ ^ - .C .» 1 1 4jJVt SojLai' Jjt ^1 


1* *(> ll 


:4il ()0 - t) JS-1X ^1 e>>^V?5 



I 


y 4 JLl^ 4 Ji*J ^Jj ^SV Jj >*3 tij 

i_4Jt o-SJLi uLi f 


cLL. J*jUJ LjlJj .F «le*3 y 2 4 aL^« JW 


. JjuJbJt tjL^t^ JijuH Ji-D* JjS4 iillcdi 


( 100%) ^lUl ^*£11 5«li£ o& 


fy i = Fy : 


oo-t) js-i 


iJV> SaiUJt 


L-h 

F y 


1 



(4- II) 


y ,- 


Ub [+'*£ jAaiIJ* JySLo c> -ei£^U ijJVl jjkjloJ^ <ji ^JLc. Jju 1 ju*$ 


\/ \ 


* 

LuJ I 




Ml 







JLSL-b 3 jLtl t Jl* r.\*, ; ^- 

* — ±MjJ a — i — 





(u- 1 ) jsb. 




<^uVi 


Ov- t)JSLi 




',*■ 

. Jll**b ia_c.U s ; i ■ --it Hydraulic Brake 
.Brake Fluid \U. ..j Mil- aU jJJ* >iib > '>' -; 

Alrti Hi Of— At AIa^Ji]' 4_UI<0 Ir\« 4^> !* JUA.A 

j - .C 1 1 ^ 1 3^uS 3^3 ^ . i. * i * 1 j * . # > ‘ ■ 1 


-\ 



.Master Brake Cylinder iuA>*jd» aL» ii 

4jiW oJ! >J ‘ Jjl—J' crll Jai^aJt 1 j 

aLa jJs .~.l'iijU ,. i J\ («j .aLa jjal\ W> 

«t j_>- ^Jk. ,aj .jjLJJi ^Jj Wheel Cylinder 
aJa > yj ,aj . Brake Shoes aUj 3Ji 

ibuJt _***] 3^**S 3*5 Llii .Brake Drum 

> g>Ji 1 JL* ^A— i, lJi 

a .. iliJt 4 Laj iJi Drum Brake 

^Ija^aUV* aL. >J| Alb- LaI .(U-t JLi) 

(W-t JSL1) Disk Brake ^j-il\ ^ f » *» : 
Jj'jLitA ^^Jk. it ttiri'i aIa^xJI Ja. aLLLJ' ^*aJ' JLs 
i_a5*j dJl£bt «±Uj i yL LUj* « Brake Pads ^Ja^aJ* 
*> j_>- 1 ^ '» A_aL^J.i ,j' JLb-^b j ,aI> tl* 

■ ij±£ 3 *a 1 ) JV hjjJu* JruJLstl ' ^ aLa ^aJ* 


jisl-l, sjLtUJ >i ^ -r 

3jLaJi o ji Mib, Hydraulic Lift AjlJ*jju*Ji 

.(U-i JSLi) OIL^aa 

If 







UbaN ^ bUilt 




ajsuii uaiji 






SLulill 



. JVl* 


4_>l .. <; l(K) N < iL~ o*j 10 cm' ;>« ^ *. - £ * «u» ^ .« i»i-i ^£.a 

• - --• ►* 10 m/s 2 4JkJ>jVt kujL-Ji ibt^ Jt ,~.<L- bli 800 cm : > uSJt 4..A4 «u^,» 

.^JLtSJ 1 4IIS (>) 

.^wA.4.11 4jJV' i_uUJl (w>) 

I cm vuSJ« £ I* v __jJ 1 AiLiIi (->) 

'wW 1 


UL^I 



_F 

A 

100 


jX&Jt ^Sl< ij jjil 3U.' 1 

x 800 = 8 x 10' N 


bUi 


10 






IlXLJ' 


. ' I >( 








I jJ L aSJ 1 ^jyu .i.£l 1 4^ i m j jSwiJ ^oJi 1 ( ' ) 

F 8 X 10 3 ef4fk , 
m = — = = 800 kg 

g 10 

. l ,.. < V4W ajJV' 3juUM (wj) 

n_ F _ A _ 800 _ Qn 


f a 10 


jJLJU^J 1 W w ^-L 1 w jj' 4±Lc*lt (-> ) 

fy. = F y 2 



8000 x I 
100 


= 80 cm 










iaH*' 3 a*. >J< 



LJUll J — ?»t « 




. (kg/m- ) Ip Ja- » « SjU,* ^y» 3_U«- J illS s _ y A I (p) ijlISJt • 


(P) 


• »• _ i. « • 


.(N/rrr ) iU -V. I > .*H If 1 ...tl 3_u »- j Sjjjll SpJl 


■LaabaJ 1 c> -aj Ip Jpa jSLa ^pL* ar«-tj ^ajl ^Ul ltdl}> £X*J»- • 


■ ■■ ale. iiaaa 3|>i} 1 _ y le pp* ct^pl a^ae ,jj} J>e t^^LlHi ^ « ■'-■-> 1 1 ^a • ^^sJl iaJiiaJi • 


0.76 m 4_eLijjJ J>a 


<JJi a*- 


ilU* 


iaJt 3A3 . 


. 0 C is- ja ale ^a 


.(Torr) mm Hg jl 10 5 N/m 2 (Bar) jb p (N/m 2 ) JtSL-b 4jiar>-j 


I fi i l i H 3 «Uj ^ jle IftLi Jju JjaJt fa^L^a jlfs- • jlapUl • 


• ut\j Saeli ® 


jLuJl *JIAS- 4a lab Jallj JaalaJl Jli 


^yle 


• Jj# la ale 


.JjLuJt lar le I «liy< <j< jas- Jaio 



4^tn i» ,ja h «* 3 pJ 


1 2L*lpl IjliMeJlj jaatjJkJi i Leila 

ilSJt 

p4 iOSJf* 

^s«aJt 


apjl 

i^- 1 ■-! * 


p Ui.Ut i • 


p4aiUS J3U jlab^ iLxil ale ui^t < • 


P = P a + P gh 

.ieb jSM ii#abJl iUe g P, ^ 



a-SL-*' 


j — ati 


P | ^1 Pi ^2 jjjLu^il tjti Jjt^uJl U*>*! * 



^k. o^l\ F , a i.u;. a^L^u* ^olt 0 .,<: It ^lc. 5^>lt S^ill f 

• A 4 4>La 4 ^klll ^JuSJt j a ^ ^ 

T1 = _ = A iuJVt SjuLkJt • 

1 r * 

f a 

L^S^xjj J ' 4tiLubl^ ^JVju y \ iAT* 4iLutl* ^ajljlJ ® 


f y, = F y 2 . ia^Ult > y, - 1 « . ^ r t 




3LI IS'-J' oTgl 









OjU»YI j^l< Vji 


• Ijl£.L 4 eljj v li 0 Ic. t»«.un ^JLc. 41ILJ1 -> 


JiUJt 


.li>* JiLJt ^ (!) 


U « --■» ? » ( j) 


■ 4Ud-> jV* 4Jjjbfclt 4l>f (-?*) 


.•liy t »U£.li 


U) 


• ( _ y i V 4 AjV* t ^ jl! ' -T 




<M> 


.^JiiiUSO) 


. 4JU*s jV) kjujljfcJ 1 ibtc. (j) 




(-*) 


t ^ic, JLuJt 0>H JLuJ* Oj±S*J vli JLlC 4?LlI‘ iajU-3 JLtljU -T 


JL«J* Jjla (v) 


.obi* ** 


0) 


0) 


• tfUll (-»-) 


JajbJ* SjU iisl^U) 




I /, 


^ ^ oiLS lii-t 


^»Luij j ini^ 1 * ^Li ^fXj^aJ 1 


2:9(u) 


9:20) 


81 :4(j) 


4 : 18 (.*■) 


4:81 U) 









a-j'JJ' 3 


*JS 


£-> 


i< a »1 


,ik .u;^n -r .JkUSJl -> 

JlS—b Satli -T 
* Jlill 2111*1 . ttftt 

h ^k. JiL- jLab ok. P Ui.Ut i Jl OJt -\ 

P = P a + pgh 

.i±J» jVl 3u#il#jl iWc. g < JjLuJi iaUS p. hwiti P , ^ 

jk. lr>>Mi ,jj«Ll 3 < l « f ajjjla 4 ,^iU» > i n iri -T 

. 1 j'.l^t.U'. _l>I ^o!»I ljl£_u,b 3 jl£.Loj jjirtatt L» -T 

• <>iW ‘ Wl> 

4_kiSJi 3$_Ut > hi »| 15 X 10 3 N in - Ojj Aj u •»i^l»...i ,bj vLs ^lc. .'^ ft /jLS Ijl • \ 
(7.54 x 10 4 N) 8 m Jjk.121* J*± JlS tij # uyi i jtii ^k. 5 

^>s«H Uw»?i 3 039 x 10 5 N/m 2 ijU- j\ L»y -T 

U«^>H >Ltj *.*3^ -J* jUai Ji-tj dk*-jli 1.013 x 10 5 N/m 2 

(4 Atm) 

4000 N 4ijj «U ^ ^ «>W oW 1000 cm 2 L^L^. 1 iacli -T 

(4 x 10 4 N/m 2 ) o^- *Ui u ‘ - * 

. ^k. 34 cm < 3 cm ^ ^ ^ ^ i It j j t* ^ _*t . .. .c b *4 

i^iaiaIi ^Jk. ipll . . ..»l ,^ii£]l ^ullt ^k. 3000 N IajIjlI* b$i >**i.itp 


(13.9 N, 144) 


■ (J.1^411 AjJV' dJuLdJl tlUj 



ij) 34^ L-4 < 1 Atm 5 ^ 1 ^ cL# glrk i. juc 1 U « ^!t JL£ IjJ -0 

JjUj u,:-.r i Jlj 1000 kg/m 3 «Ut ailiSoW ^ 1 3Atm l*tU a^. 

(20.673 m) 9.8 m/s 2 - iUe.* 1.013 x 10 5 N/m 2 

ale. 5 76 cmHg 0 J>jVl lull ale. 4 jet J ^- ** j -"\ 

J>jaA Ji# «»*I * iaLJS k-> I* ^o-li .200 m o3 y jlS *i)i 74.15 cmHg 

9.8m/s 2 ib*a JL Uk. 13600 kg/m 3 ikUSul .'.*le lii 

(1.258 kg/m 3 ) 

fct-kjjY* dL^ *1-* -<^ 9 ! > 4 jLt ** fc->J‘ ■- * .* or^- -V 

«|>*1! JJLaJ.1 U. .Uf . aiJlL^ U..uh . ... v U 25 cm Jax. >J< ^iSjJi w ^u... 

ll>e 5 1.013 X 10 3 N/m 2 JaLaj 1 lr>> In Ft JjLt Lde. <N/m 2 aa^-^j fjaaa I 

13600 kg/m 3 - 9.8 m/s 2 - iuijVi Ju*ibJt 

(0.3332 x I0 5 N/m 2 , 1.3462 x 105 N/m 2 ) 









1 


l,JI 




.Hydrodynamics jj'*!' iu»t>» ^Ji kS\ -t< *«»>» JVi J^tl> 

.^ lrt^>1 1 JW>-d , 3 uW>“d* uW>“ t> <-W o' uAW 


i Steady Flow 


JjLuJt jj JLoj >uU3 i-43-aj ^ 3 j*Lj 5 tJul» Ajliola jJ^Ju »\a Li JjLa* dJj^t-b Lijlc 


(^i a <i >VQ * ' Laminar Flow ^jDi « Lul* ^j| lib^ jl l a a a L> UiL^j ^ iaj 




• ii 4 •. . • 


1 1 


Steady Row 


>♦ $1 Streamline Row 


i-j( 1 ajL>Vt V-A^Jui IjLulJ JL3fc-AJ jl Ja-xJ J-iL-Jt Ja 4 a. 4$ JS uW ^LuujVl 


4 C }A3 lA 4 jux 3 'juJ* j 1 


4 j^aj 1 Jj'uaJ 1 j^aj lu^4i ^LaV' ijla < Streamline 


(0^5 .(^ * 0 ) Lt£ 4 dll^t • JSLJi 4 ' tLtjL** *xIIj viLftj • Streamlines > »La«i¥^ 


dbu 1 ^jlxj wjL^uuVt iai* ^JL. 3 tyi jV ^Ll 1 j) . vI^LLu V l^jl oLuoVi Za^> Lj^j L 


ba }*.£. jXi l-jI a 4 x 1 V 1 Ia^La> ajLt. ajL^jj .iLaalF jJLLj jic JSLuJ 1 JSJ MoLa^Dt 


IJL4J4 .iLaiJl JlIj JU£. JiLJl Jb^ 4 LC^* (^iUubVl iilLS) 4 l.^ 4 Ll^ jual 


sZiL^uji* jl£.Ljl»^ Zj*l£Ji tZiL^a-nJ^ > iIa aoiV^ 



Streamlines waL-^vi 





I ^ J 1^1 1 J i Jo 


JaUkduajM} Jjli jjyt JjLuJ* jV «jLuu* J^Lj ^lc. UjIj JiL—Jt Jbj— Jjjl* JjSL> o' " ' 


•4>jJ» 3* 5- >**2 V JiL-Jt 


. o-*/J' k-y ic iLxij JS juc. JjLuJt 


V Steady Flow ^l^J> oW>— J* o* ~ r 


.Vortex Flow V <Gi Irrotational JUj—J* -T 


.Nonviscous JSLJ» OLLL> j±> •tKSL^-f jji juyjj V - 1 



■J 1 j Lj^*iJ I 


Jjl ial* AJalj 


-•>0 tyj 


Ji & LJt J >.x,,I, j jr ^_4 j_>» ^ 

oW>“ oJ! 


\t4 

Turbulent How ^ 

r 

b ■ « “> — j-t 


j« .(T-0 JSLi) Vortices 


(t - 0) JS^ 


iS^S" Jw* JU-uJ' 

W J, iyU-i! 


Ails Jl!j£ . Lajl oijlil! i^u 

J JjL-J' _ij AJV • i l •1 > L« , »jJ* 

4 . * .VuiJ* 4^ •> i^! 


lit 


o* jUJt jLLLt i*oii 
Li JU liLi J- ,\ 


.(^•0 JSL1) slijjtjj 4jli 


V> 2jiLfc*j o 1 ^^— J' J 






4— ^JLc La 


Flow Tube q\±j*m 




. L 4 L 4 J JjLuJi >Lcj 

^2lt JlLaJl L 4 SJ 4jjL^ 4 l +jJb jLz JL^t JUC kj^-oV* ^Jl Ji^JL) JjLuJl Aul^S J$£j - V 
.loULau^yU Jili ^ JiL-Jl JV I ^ >V» UI >J* juc I 4 I 4 £>3 


4i)ix jlj^jj *-* Aj>-uVt A> juc JjLu-Ji ^i.ii V -T 

4JjL* 4 i-S^LaJl JJLA * 4j >-0 V * ^LlL« A-^Lam- 4^ <UX y v_uO JjL-c*J» jb^M J,i 1 4 

♦Continuity Equation ijjt 


JUC wjLluJVI U V JL jruj^-AC J\j}a.ama jLIiti *4 ^j^4a i«Vt i]jbL4J <Lju L jJljjVj 

4 A^ ^jLP jjluji 4^1^45 A) J*V» j^LuJl *LauL* i(t * 0 ) JSL-i ^3 

wjL^LiVt J JL3L4 ) 3 jl^*3 ^3 A, 4-^LajJ.' JM-i- wiLmLX* JjLjJ’ 0&4) 



^1 UL^I 











4jjljL4 


JIL-Jt i-c^- V, ^ll-> Q v = A,v, 
JSLJt iUS oi £j US .A, jUiit ok. 

<lsLLS ^v 4 ' 4JL^} ijM »— ll mil* 

>a CjiSJt t _iL.-.«>Vl J.t-»-4 jl) p 

JUWi • Q m = P Q v = pA,v, ^ 

J!XJ- . ..'.Vi JjL4_4 J*Sj 

PQ V = P A 2 V 2 A 2 4_s-L-ud» 
JLSJl >-jI t ...Vl Ja. 4 uV ^5 

i,jLfl (jijj ml 1 “]l> tLijli 


t 4 4 




P A, v 

-pVi 

( 5 - 1 ) 




V 

V A 2 v ! 




v . _ 

A 2 

6» c*» *i*J 


_ r A P JlA 5 


V 2 

A, 

( 5 - 2 ) 


,V. 

<jJ iLxii Jbu 

t JlUJl 

. o\ ^uL 

«ju* J43 


111 a\i 

1 * 1*1 ll 

.iUUlllL ik 

4 j^kjV< *Lvd A 

Jui 

m * 

uj£ i> 

aJlUL 4 JL 

j-**> wjLk^j < A * 

0 ^ 1 1 ^ 




AX, 




(0-0 JSU1 ) a 2 

4JJ * j ■» '..Vt iJ.jL»_4 

iUS jjlJLju* buu. 

1 -A iiSLfi pjuk i Am 

1 

A, -----^^> - -^--) - AV^ = -1 — * Am = pAV d 

|| Am 4_il— J.I ^ Ax, UU A,Ax, 

At j4j JjUJ* l jjil* 
o)-Z—i iLJa_jj . Ax,=v,At jl 

ijjk ,jki < AV q| = A|V|At 

AV o| = Jl j* l»L_iki!>U J_>li JiUJi jSf i-^Vi > j-j-Vt ^iUJ* Jil* Jl j i*¥ 

Q v 0 4 jji^' ■ -i ■■-'■; Ja »< ^* JaUJJ wiLUiVt J.i «4 <j\ yc. 11 * jLbSLUi w « ■'■ » |«j J 4 } < AjVjAt 

.^UL* i*jl5 j'-lU u*MS$ (kg/s) Q m yiS ■ .i. --M Jjjl 4 jl (m 3 /s) <G_u*- • < 

>i vkVi ibu* 4^5 jjJtj Conservation of Mass ilSJt ^ 1 1 *$ 



:) js-i 


4jjl^4Ju*Vl 41 jUa 



Ar 






L*.* Jit « -1 •> t ' I () • » JaS. 1 W nj*-L_rt]t j»-& * Jj£J ^Jj 0 ‘jjj 


3 ^ViaJt c,\& t .(V-C JS-^1) Sjj&aJ* J jj J \_Lj ^,U V tij Sj_2 l ■*‘- ■ * * .Jy^L-^Jt «1 


. Bernoulli’s Effect i 



£lisjl U «■■■» '' w j ■» JlT-JJ (wl 


--. Vj J.U-. S/.lUh (I 



J*.? OjJ iaJuJi j> J*. 4mVJ< (£ 


[(v-S JSL1)] 



3 Jo*. 








oUuVi 


4 . f jVi kUiLa 4 .C >..,«« Circulatory System jjjjJt flialU i.» 

w Js i*jj! wJLdJi . ( A - £ ^SLl) 4.i . <ijJ* JLiij. » .11* ^Ij ijjjV 1$ Jnj* j-.D* JL* <4411 •»! I 

iixijdi ^ 4 ^J 70 Jjulc* 8.33xlO* 5 m 3 /s 9 \ iiJjJi jJLJ 5 >*a ,iS^U» *ua 

4 u\t't 180 Jaju*jl) iixijJ» Jk jJJ 25 o4j ju*J< Jjul* J**j -lij oLL*I» 
ilo ^aJ'j Aorta ^Jjl JU 4 . . ., , ,l ... -v.^ . lal .1 '.It u (441 ajJt 

vL' J£ Lx* 4 -- ij|j .(dL-Juj buh»-)) 26.5 cm/s it ^ jjw Lila 2cm « >*3 
.(lit J' ui^j GUi) 0.25 m 2 j 9 Ilmj 4 *a 1->4 o-Lx. jii Capillaries 



(A-a js-i) 


A_‘ A.4 jJ* ^l4.k4>4.j 


p 







. tj+f 


. . I J I t J ■*- * * |»jjt ^jL)^— *-w <Jp i (.<» yl * ij 


<(5-1) 4jj^«;..Vi ibU. >5 .J^j >i JUs .-.M.u.ti Contract Ujl*. 


Relax Jo-t. 


julJ 


LuC. .dUi 4 > t ; > ok^J 1 4LH o' fjdl u!-* 

L* ’ JLAj jjl* JUaJLi v^mJ» fJLOJ *-4 . J^j fjjl 4-C. ^ JLi 4(fc l»M— ^-*Jl 


.<* jJi (WLuJJt hardening of the Arteries i^AIi w 

w v4 Jb^J La 4 kojC^Sft jjl* jJsai Jib 4 j^jJI kujC^Vt ^ a A * y jljjjt 

kjj. fc 4^1 h k-*jjJt JL 3 j 4 j»jJl ^ 4 JL.ajiJ 4 -Lal>- c >j^£j5 ^jjt Lll V» 4 M jJl, , 4 L i 


6jla kc^ tjj <jj Vj 4 .LiL^ih Ja 4juX fjJi kJL^V kj$k‘ jl>L 3jLl 3 .Angina 


Platelettes ^jlk fjJi tZAj^SL* .e_k_>Z> ^Jj iii kjoSn 

♦ 5L^ ^3 Lit* sliUjSL* w v« <j U$ f jJi a^3jJ * *>11 tuSLftj - Ui^lh 


/ 



pjJS 


• « 


c>*“ 


L db 


a ^Lti .wJLaJl J<f O^Li > 4 1 ^jLyi^ ^4 |>jJ' .LllUdi? ^ilif jj. 


ojJ Hand Pump 4 jjjl> a a 


0 ic CufT i»bj J^SIj <(^-0 JSLi) ^Li^iUt <> £*j >» Sphygmomanometer fjJt 


. cJ&L Air Bag **^3 JSLi 


^a£jt JbjLdZaJ 1 ,^4l lj ^Lijibi . ijm tl 


•Brachial Artery ^>i Zi % 1^ jb^uJ^ \ * Iri^t? ^ jJ* jL^ju j 


o+&' UmJi .fjdt dj ob^AJt 4{±xc Jlc. JVjlLuM] Stethoscope , ^ Aih 


LilS v iLdM 4 -^jLo ^ jJ* laiuaJt 4 L 3 l£ ^Jj liakilt Jkj L« JLlC^ LmjJU 

Zfi jiibl' jib^-ZJ» ^3 ^Lijb 1 . 4 _L 3 f jJ» <3 JLu-fl ^.k kl m)> Jb^Ul jUu* <3 JL^J 







(*-fl JS-S.) 




«-t^; ... . r,A Lc 4 Turbulent Flow 

C- - * • 

>a$ .AiiU-uJU <«« .. .1 J' > “ 4 ^ }l 
i »« JajLuaJ* 3e ' v Js .'.^^J 1 

U« .!-> h toA) .mmHg Jajk_uaJt i-'Vju t 4 ‘‘f 

* Systolic Pressure 

1 *'“jy 120mmHg Jt --■y< ^ *a* 

cr 11 *-**' Jaj 

^ >1 * ■ I _ > ^J] 4 f 1 4 < ■! * l < r ^ 4 *m * 

^U 1 - .‘. Vt U « ^ l l) . ■ 1 Alt ki J, JJjl 

e v— aSJ' ^_s Jaji u (Diastolic Pressure 

oi JjSJ jjuajJi ai.ik 

• c^jIa jb^yu > jl! * y_il lai jj t JjUJL) jJ_a 


^A ,_JLill 


o^Sj ,^jJ* Jaju-jJ' 3_a* . ^k. 




I i 



^i ^4 80mmHg IxiuiJ’ tjub ^5 .Rest (Relaxation) ^^1 
^uu jlS$ .Hypertension Uiu^ lUiw» ^ibu 150mmHg 

.Stroke ^x.J i ^Jj Ia* jl’ jru ’^1 dLfj 



fjJt i!kj> U^l dLli 90mmHg J*L^Vi jtj tit L.I 


iJl^Jl » *Lfl h ^JLc. LLt£. JJLcJ 4 jV 4j» j ^iijl LdJj i.jL±umJ l\ m 4>i 1 1 Ja f^JJ 1 ’ JLA 4 .£AJj|, 


it i)L> -Lo^12l4- wJL2Jt <xi J^SLj 





J3>m L» e(ji ^a e'^J* L-> « ,;•> jLij Vacuum Pump et^i 
Jul^*jJ* 4-*-^!' .Oil Seal ^ O-ring 4 4 aK. 

. *li» JL« MjLm. ja^U Force Pump 

4jaj^_IJt 4 V La I t ^3 .l_4 4 j>— H 1 >ji* Ji*— }' 

y - : »> Piston Reciprocating Pump 

* In take valve fU-s jlLJs .0 *-C jSLi) 

ijla bt-w 1 _*juc.j Jiij- J1L-J* 3 ! *' 3 -«Ji 

ft 4 jj» £3 j_stU JjLbJt 3k «*3-4i* ja ju 

.0 \ -0 JS-i) ajj YlL. wJiJi ^3 .£jbJi ^Ji JSLJ> 3» fioki .Outlet Valve 
«0 r-fl JSLi) Circulating Pump j^jJi L.I =». L>U ... LJ( i. L>U J* 

LajI ^ ♦...'> 3 . 5 ; l- •-! 1 _yi Oj U' 3' «U1 ju^jj ijjta JL* <£jjta JjL..!< 3) <<3^)1 ^aju 

JH43 jjbJt *'3^ji 3I JjLuJt a /.-La .Blades ov^' jjju .Centrifugal Pump ia;iL» 

.Vacuum Cleaner 4...SI1 dUi 


* • 











4 0.1 m/s * 1-1,1 A£-j~^uu ci ^jj-i-4 2, cm Lib^L-uft j*Ljl< aj^_oI sb ^t--jG • 1 

, . .,,.•>> I cm 


. I <U> ' '• 0) 

4j J ujus' 1 alal ' l . ^j/A .xLxi* j Ji? ■ 'I ■ - ■" ^yUl (aTlTC^ I jU< 4jm£ (lj] 


(1000 kg/m 3 - c LO cJlS lij) 


i C W* 


A V,= A 2 V 2 yl ffciij 0 ) 


n (0.01m) 2 (0. 1 m/s) = x (0.005m) 2 v 

it x 1 0 L x 0. 1 . . . 

v, = r = 0.4m/s 

* n x 2.5 x 10 ' 


1 s _y* ^ ‘ J ■ ^ . ■■ * t 1 1 ^ 1 * . (>_j) 

O v = Ai v,^ A 2 v 2 

= x I O' 4 x 0, 1 *\ 7 i x 2,5 x I O' 5 x 0,4 


= 3.14 x 10' 5 nr’/s 


jJb AJ-JSJ Q 1 ij^J siUiAJ_a> 


v ol = Q x 60 = 3.14 x 10 n x 60 = 188.4 x 10 5 m 3 /min 


(1000 kg/m-’ = *lii 4aU£) aisil Jo*. 

pQ v = pAjVj = pA 2 v 2 

= 3.14 x I O' 5 x H) 3 = 3.14 x 1 O' 2 kg/s 

, AiJj ^ 2oL41< aLSJI 

m '= 3.14 x 10 s x 10 '' x 60 = 1.884 kg/min 


0.7 cm = tj*i iJU ^jsVl Jb fijl* 


IojC - 


1.^1 A 1 >1^4 > ) 4i_;.ii ^ J ^ 1 1 J ^4 ^ _Lftl .jIl, |>jjl kJ7 La J) ^^3* 11 ^yO 0> 1 0.33 Ill/s 

j^jJI 30 4jua*jljjJ> ,jl£ 13Ls (0.35 cm 





* iW 1 


A, = 71 rf =7i (0.007) 2 nr ^ a*. 


a, = 7i r; x 30 ^ a^i— 


= IT (0.0035) x 30 m 


A I V 1 = A 2 V 2 


tt (0.007) 2 (0.33) = n (0.0035) 2 (30) v 2 

4 x 0.33 fvfs A A t 
v, = = 0,044 m/s 

30 

1 i 0,044 nVs 4.i.mi*jJl l 

^ k JbLJ cL\ l1r t r AJLT- ^ jJl J 1 - 4 VI . I Jj> Sj> 1 tt <■> 4j£»4Jl? k Calji >1 hi t 1 


4111 3j-li -■ > L-d>^ .4_ut4ii k ^I*1 Lj Li> Jj zjZ jjL M-uaJ& 4 4,^*,m.')V 1 Ai^jjSLf 1 JLu^ (jyjli? 

>,^itAai k -dll L 4c. m" . ^' l^} i 


Viscosity 4 jv jjJJi 


r .jJL Lt* 4-^j±fl l£-*J 


1 ^ < t.V> , 4-LjLa Lulls’ Lv$Ju* JS * >'-•-» *•> ^3 ; ^ MS jrJjL^-U ^iUS - > 


^^-4-u-urJ I J>4 MjL^o 


>*•^1 ^JLUiJA Jjj-?cSJ k 'uj-jlo 


. w ’rtJL>lu-uJl ^yi JS LiLbw j l 4iw ji* i 


a j l i *S i J^j^-i_u_LJL^fcJ I i At ;41 s| 4 C.^yUM <\*jUl£\ 4j fCtl i iLi-i_ii_i| 4 C 4 b ^ ** 

.dUol JuLli ^Si V L^^J 2uLli *^£5 

Jv* l*A! Jl^l jj>lj - Y 


£3*1 Iri j , Jy* jjl iJlJ (Jn^-ut-Sil /yifl ^S JjI ijJl l ^ 41 ,JuLu_»J k Jfc-4 »l ill 4 

JS 4 C. > -Ir\ *>M-> j ^ ^L.mll |tU - Ji ft 1 “ I ^t-iii.tl 4_Sjk-^ A^SL) t>lj\..iiif> 


i ^j k - ^Li_oJl ^r.l_>^1 ■ .*■! 1 1 


dlajujuLoJl asuiaoJI 


^1^1 UL^I ^ built 



> 



Jil J* JL* cLLi k^liu* Jl ^JLc Jju ^S\ kJ^ *■> clil dJ >^ jl» JLmJ* -I 


.I4 J J-l-jJ* k^lk* 


.^aS 3 jw 1 a (Ul 


3Jhl^* 5 j^vldLj ^L-Jt £tjS-J jlsj J^mJt k£^* -*_) 


**Ul* 4 JL*^i ^->>9 JjV‘ jlxil * bluj * Jrii^La J^liUJ -4 J^jU ^-4 oi-U -T 

Lc^t Jl^j ^nklji (Mi* s ilirtM Jyi) ^ul5Ui4 JmlLo JLJL4 JyijS JL^U ,*J > b 

^1)4 . jlkifcl * ^Jj JdUajJ 6jSJt AJ^Jlu-iU ^ jJ< Jsliu] kcLui kU.^i w njU4 **lD 


• jliili * f li jAjluJ ^jJ* w w*jvi* ^JflJLi^ 1 ^iS^J 


0 -kIt >jJt > JS) «Ui JM^ jL^l I £li ^11 J^aU 3£Ji <i >1^ ^kJl » ^ 


* Jj* ^Ll ju Lc4 4 ^ aI^J < JM-3* jLuiti I y\J& u\ jf klaLt* 



. I 4 J «LLl k# 4 LdL4 ^v* Jji£\ j< JL»L*J S^SJl 4 & fjLkj 



JjL-Jl! UjJI k&xLaJ’ ^JLc jo 4J 3 ^a (1 


• ^ U U *5 


t*LLLioj£ J^atSJ^icUlS 

k£^*l 5) 

. 3 ^ k^>) C,* ^5 5 >ti- Utk iw^Jl 



r 



u* &> ^ 5 ^i- 5 » W^LS 




l^wia A k^jg JSLJt «liLduL> (t_» 

JM jy^~\ k^-A^lfl ^XAA-klJ^ 


( 1 - 0 ) JS -1 


JiLJt OUuio C& ^lSIs»Vl L** U-fcJu-l >jru j i ..4 *^u Sj$_*a_s »_4 


i-i- 4 * .0 “ 0 JS-i) V 4 ^^ 



■Jl r^i] JiL-Jl ii-fla Ul* U£l~ £*U J^L-Jl 

v ^ ^ 4 1 ^jj cjI^ JjLuJ* 1 Li »L^ clJ 4 V 4 Jk ^4*,) 



Aa jin?! J 4 Jil j£ 4- c.j+m UJ& Aa » Ht ^Jj j£L-Ji ^Ui J-4 JLJ^ 

• ^Jb La Jl 44 . uSyil^y* 1 _L& jJj 4 La^Jju ^ 2 Jt 

.4i 44di^MI^ JjI a*J* 4 4 u^4 ^!Ll-^J‘ ^ 4 *a*L ^| 1 J ^lliSuL^| JL>^J 0) 

I 4 J j^Lstl 1 JSLuJt JjIIjJ^a t-JL^Jl ^ 3 ! 4mLi Jru ^ 3 -a Ji jjla 

^*iu)j t I 44 )| If 4l^l.Aa 44*Lll^ 4. 1 A j.ltl^ tl^jLu«jj ^^JU4 L$J t*laafc44 6 

.^JjlI* 4£. ^v-JLu JSLJL1 Llall 4ii>l^l< dJ 

4 La^Iaj ^U» ^LdjlaJU JjL*-yJ< J -4 Suitli j£ Jyj d)l£i^yt ^3-L 4 ^< > A jl^^j (o) 

0 * 1 *$ 4 4 il rt j£ 4 ^JJ 4-C.j-yJl o*-uJ 4 $>* 4^- Lilij L*4 .^^XJU 4 $Vjjt 

jjU* * * Laminar Flow jb^J^ ^ ♦ La ^L u 

4jru dilSLl^j 5* AU5L44 ^^>3 ^ ^ ~ ^1 4^ L34) t iilJG s jA i^3^U»3 .Viscous Flow 
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. Lfcjlaf t 3 ^LJ>j -jl^jj 4 xj4j 4^jki^Lj lI^jaIj L^ji JLt^3 . Jj'luJI 
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ij*<>* >>• i^Jai 





«1>^Jl Ja 



j ♦ j j_>-' Ja aIA * + 1mm ^Ji 

Jujl* Ja ijlaA 
Ju^bVIj .4j>bVt Ja»Ia 


• A 


- M Jib- 


Jj^ jW* 


iaUaiJ j* kj\±j~ C UJ 

4 #$>J 

iSjHft J-fclij *£kvJ* J- 4 

w v4 Js^L-c J^-tj jl ^ yh j-uj - \ 

julL^j Ji^LjJi VL 4 J 5 





Ljljlxh jrul jji 






2010*1 SdL^I 



t u 

c 


IxiuiaJI OjJ JOt i> jj^ i/jU- 


• 0 °c oJ) 4j>*iV» «t^jt 

'^1^» oI^O'C < *-*- 'V - '* ^ 4 ■ > ** « j { *»V * ■* $ * f 

. ^Irvall 4*1^* 1 .4 4 j£xjVI 

w J^§ JiMjJi ^ *L§ jL^j j^*j (%j 4 cU <3 JL ^W t £>-ij •* 

d i 100 C tj*}* l ct^Jl 0j> 4 j*-jJ Jj-uAJ < _ y jL?+' 4 a *«Ll 4 3 jl 4 jlli-LjV! 

*(^ol)l0(rc L^UlL# jl^Jjj I ^>4Ji 

ii^LaJi jjla Jl jL5fej a (ujI - " JSLl) I V 0 j * jju 4-5 M-c -t 

♦ -273 C iuxi juc ^yiiSn • *L^dj 4jti « *jl* L»jjl 4 «** ix> 

I 45MjJ^ ^v 4 4ftaJl Oj^XJ JUC C 1 ^JJ w ^4J^_rtJ 1 J JL*1M J^LjL4 Jjljl) "0 

_ ( V ol) 100’C - ( V ol)o‘C 

“ v= (V^tocX 100-C 


<6 - 2 ) 




iljLAll jrul 






201011 SJL^jll 


js^ 


2 

273 


(JjL-J (Xy «1>*U 


•uiL^L* jj ^ a 4 j - ~ - ) L i 


. 1% K • ♦ . _ •* 


1 jjlaJJ* J^U-4 jji Uicr. jjj-j jl5* 


4.iili^l ♦ CitjUJt Ja ! JV 


t ^Jb Ia£ JjLI 4jtJLuJ< jjufc .4 aUi1> ^jmAj 4rilI**I t \ jliU 


1 iJuoj3\ JaUI J^Sb 




1 


1c ^JLaSM l^4J5fc> J-4 2*73 jt JLJ-AJ jl£ Ja 4JL*£ {V^ ^»»bl 1< *’ 

jLc Ja 4a a 3H 4JL& s lill kj Vj 4^-jJ fljt.ib A SjtjJJfcf t 4-?-jJ ^Js ^Lojjt JSJ 0°C 



L5jO jl^U 4 <U-x_> Cj^aj jlIc. La jLc In* b? ^ic. j^jljIj 4 

• 0 JSoj 4jJlaXI£ (B) a (A) ^JUlaJUj u)b 4 j^aj^ 1^x4 > UU ) Sj^JLajJ b^JUiL4 


JjlLjlJlJ* ^ Ja 4x^11a 4jlaS ^}lC. ^ 1m 4jjojSM J* .(V 

• *•*!• i*ib, o > Sb ciUbkJ .(Y) 4 (X) j^ 3 ^>1^A ^ (B) 4(A) 

• 0V-" JSbl) tj C JjSLUj Sj*^- (*5 jgi.kblll U^Li^LA 



( y - *v) js-i 

J 


ilj^-u jlIjC. Iaa-a.' 1 ^Lc. 







Ljljlil I jrul 




3jb-^ 


2010*1 SdL^I 


jl • t^ C 4>J^ cU Aj Ji3j> ^ ^4» ■ t 

.( v v-i js^i) (B) i*juii' uiij .(A) i^Jt ^u^vi Ijuj 

(X) iuMaJt ^J (A) A > » .1? I ^2 jjjjjjl . .. ^JLr*- va^aJi liijj ■ ■ ■»'■ -T 

•(t,°Q «j4 >*i £4 (tj Q ^ >Aj JjjjJi ,> • e'>*N 

(A) ^ >1»J ( B) ^ jda- -t 

ijj-jj £UujV itijj >>» > *- •» ! < *'xJ* iaij» ji Jju Ia 4 h cm jSjJj jjljl4 

.(^.v -1 JS-1) h (cm Hg) Jjiuq jtaiv V C t,°C > Sjt^i 

ijA JS ^3 diJlitA jliu 3 j3Jl 1! y uIj^i 3jlc a^LL-JI 4j v otl)< -0 

^jlJ v Lj_j jb JLj^xj 14 jUJl ^ SjL^jJ* jIjuLa jrixju ^3 

1 JLj U Jjuli liili jlail* 

• 4j^jJ AlniJl jlkli jlIc. -1 

tliJLajjt !ij jljLiit cV Jl1j ^Liilitl \ Jj) jlkU Aj^i i«Ht I tli^o JlIc -T 

.Aj^LutL* 

0 C Ar^jj jIc ,Li I > 3 jl> a ^3 SjbjJ* jt jlaa 33 *.UA.>*n ^3 3.>UjJt 

.(%3fc5*)< vL^aJ JLlC 5JJ*U AJ^jJ 4?">> 


.( ,li »<.->! > J»jU 5 ) O .lie, a4^UJ>:LUL^ 


jIc ^Lill ^JL^Sn .Li t-4 Lp jla ^u^LUj jUJ* li a J? ^3 3jUyi J) UUr jl^a 

US <jl3 ^ajuj -(At C) A>^p ^3 £Ui ujVl ja dUj^A 4 (Po°C ) 0 C 

AP oc P 0 -c At C 
AP = p P P 0 - c At ’C 



(3-6) 


.<U^t> JL34J JU 4 L A>jJ 14 jliJl ULrt 3 jbj J^Ijla 335 J-jH jt J lIa 







ljIjULU jrul 




3jjj — 





IA - -v) J$li 


<Jyr j^t> 

V _ 7 jl (f -y fj i» i ««j 4_4-Tfc_> vli^iJ JUC jLkJt ll\ Sjljj JaLjla W >1 L * i? j 

ja-S j £1^-./)* J*- 4 (A) tj)j£ ‘ J- 4 w*Sj4i3 *(A "” ) J £ 

JLi ^_L- ^5 . Jil^iLa JS-i ^k. JuHIaj (B) 4,^1* J^_u 

Jj-a_L)4 .o\$aa ^-4 1 ... 4 Aj^Aj ^k. JvSLi ^ 4ij^ 3 _lc.L 5 > _ T k. Iajjju alI^aa aju.1 j a_j»- ^_! 

w i a a La 1 ]< 4»,*«I.A Aj^JL IdlLxLt J*-A Aj^-o' A&XuJ^J (B) Aj^JuU* iu^jjvt uljlo 

4_?-^Ut ,^4*- Ja— * oJ! * — iLLi (C) 4 tf { ' tVlj .(C) Aj^-oVI 


• 4r*-^U< ,5 jufc > _JUl aLIa at- j jla jjlrt . « a jl> a .4u-I^Jt 


.AjbVt JajJ) 


LljIj 41a ; ;u 


jJLajjLJI |*t >>I..L AUjjtUt Ittiiitll 

1 


JI^J 


■*j 


(A) 


i -> 

i -T 


J^Ljl^ JLL 4 I \J^M 


\ J^La-4 Jl ^lu->) 

•(S^vU 



djljUtll jrul 


U*gl f tah\) 




201011 SdL^I 


*> (C) ^LiJ l LL£> ^ 4 L 4 -b e-LS ^ (A) ^ - * 


.(X) ^' >«-»■ <4 Me. j^A-Vl f^AJ 1 «Ji**La^ £aJ„>J 


■ Iiil) CuJu i-Ir*- SJL* oiiu i m JL^ m ,j-»j 1SLJ1 clil - $ 


j^xS^il JlLauuj j, *VjjJ 


j ^ua ill i 2 La^u 

ai iP! (C) £^JJ> LlJ^ -0 


^>>1 ^ ^jS\ 


J)AJ £LL>jVl JjAjl C 1 . _\iVl (*J . (X) 4.0 iW 1 t wulj 


■J3-*J ' ^ » ' ' ■ •> t > 3 *$ .(PJJsSjlI^ !aU » liLfi ^3 .(h) 


.(h) ^Lu ; V» ^ 4 jl )1 IALA 4 (cm Ho) 

^j '-».‘> S*j "t ~ . .. T 1 JlA-yt-U I J 3 - ■ > ( C) V^vjjJl -1 


*sjji c^“ t*w ^ ^ ( c ) e>ji ^ . mr Cji 


JfJb ^LA^VI ^3 J^iai ,*5 ,(X) i^MsJl ^Jj fc^T.-tU J^7H ^AJ) 

, 4 ) 1 ^]) iA* * C> 3 ^J’ - > ' ■»•-•"■ ■ ' ■ dgCJ cjjj Jy4 4 . Jvie. ^iJjjJ 1 w ■• ■■ 


► 4 4 


3^4 J£ ^3 AAHifc 4 Sjl^a- ale. 3ae. ^jLuJI >JI j^SA -V 

« I i* t I -AJuIJlSLI I d * ! cl 


1 a 4 ,Ui b^l j^.^1, 1 4lL*>l 3j k jL^tJ J ^±j 4JuLlJ ~A 


3^LjJJ k JL*La_* 1 ^ j*j 4 i.< 4 2i ^1 \l % T I Jjk jL^tj . ^1 1 _ki 


3^^<Laik 4^c_rt_^- Cj^jj jIsl jLill Ja 



(6 -4) 



1 ^ H 


^1^1 ^SlSJI u^l sbUAJ) 



ft. 


iljLall jjQ 




3j<j — 


201011 SJL^jll 


^L-j 


sli^xj .x c>^ Li w» Sjbj J^Ijl 4 Ji ULcc Jl>3 jl^3 


1 

273 

laitua 3^bj J-4 Ljl4 JL ^-3 jloJ a . 5jl^'5 oj\jJla 4-^jj JSJ 


»4UJUl)l ^wJu <J 1^4 Cj^aJ JlLc 4 a 1I/>1 I tZiljUJi 

,^Jb U J^> jl) Jl iajLsJl 4 *^ JjIIj 


^3 ALsJLaA 9 
ij^jUS oJb tj 


1 


. • • a • • “ « 

j'JUL4J jLt 


273 


|»m) • Ci5_u 


•> • 


'3 


tfj» 


4_> jj ^Lijji JSJ j-i i 


c>* 3 * **! 1 * , 3-^ 1 ( ^ - " ) 



3j> j_sJ l <9 

US 

*^>»J 


l jJ’ j^-^1 • 
^ It 
4jl 



• • 




*4' 3U^J' W 

.4^11^4 3jl J*» 

^JLc. MjLm i Jju 4juUu ii^Lc. ,%4 -kj LilSLcJ 

J 4 ^*1 ^ j^I ' 4L4.4 ^LJjJLj 4 ii« Ul4 

l ^Lc ^.1^11 ClA JU4J .(^-1) JSLUi 

.(-273°C) juc ZjljjJi 



o 

tc 




- -0 JSL: 


JjLi & jitlS jiuaM c L^-l 



Ljljlxh jjS 


{JJJU* (J tatltl 


3jb-^ 


2010*1 3JL 


cJl* jL^ 4 j>5o ^ L$JiLl lILd** juLliJb 4 jIaI^V< JSLaj Lc£ 

jj j jlj ^JLc. A-^Lo -4 J-L4J4 I ^ic JaitMaJt ^LcJ Jljl^ a LajLij jljLUJ 1 

.(> ♦ -") JSLUt L*S \%IAaamA idi- ^^Lc. J^dSfeJl (%b JUJUJL ;^1 < ^JLt 

Sj»^ 3 feJ 1 J 3 A -4 tU^_i <ji ld>Mj 4l^LiLLJ ^JLc Ijla ju oic* 

(-273°C) juil >Vi ^ 



l'. - M J&A 


£b^J 

^jJt ^SLo 3j*>^ 4_?->a J5* uj£j (\ • (W ) Ji KA h 

4-Jj-jJi ♦ c JLl£ j-d-ua jl >-d— ^4 **j L* JjLii 4-JfjjJl CJL& . -273 C 

^LuL4 ^^JLc SjtjjJ t 4-^ .^JLU» jbJ» L\a f La jlIc ^jlsIj ! 

• w_*J b^J 1 4i ^fU gjJuD C 4^ j J Lb a ) l4Jb 4^*. & 






•IjLxh 


(J <&htl 


Zjij — 




ii 

iojiai 3 jL>.yt 




4_^-jj > _ r d_aVi jy ■*!. t ,‘•.1 ^ i ( \ ♦ - ^ 4 ^ - 1) 4 « (Kamj oi l_c.] JSL-«j 

JUfc 4i! *0 T - 1) JZA 3 C" - *v) JSL-5. \l»jj i ^ 1 UH Sy^Ii 

Ju^_4_U* KA AjUj ^Js ^SJ* <P = 0 U« .Ut>j Vo, =0 JUs ,_yiiS jO 40 It 

V («j w *4j . , , !,.-> ULi^'3 J-jLm > ~> Jj » MjjL&Ji L$_DL*j 3jLD jLaj V juj_lU* 

<U^- ^ j J« jLkJi 3* ^LU) jLkJi JLi dJjJj .^IjLkli 

dLJG , W ) CW 0 -*GJi UUai Ui » . JUal ' 


. J^VSJ' jUJb w L* 4 A j ^1LU« jLsJl ^UlLul w Js «U^U 4. ...'. Hj 

E_ l__ a. 


« i# » 



J-.o »■>■->-*-£■ «iL’all >j i>jjb iii-jL 1 


c-u iiw xj . aiiiii ; ji>i rtJ .1 ifu 




,Jq U jLLlV< a^tt JiK gjjjGj ^^Lu. sjjjG jbcj^j 

0°Kj,l£i (-273°C) 
273°K JjUj O’C 
373°K J#U3 100°C 


(6 - 5 ) 



ul *1\ 





Ljljlill jrul 


iaaU 


3jb-^ 


2010*1 SdL^l 



> . JjLl *i±-» cri (*-**) JS^JW iiUI^V! jSLo- \ 

■ v>-» » ADE.ABC AjlILU.1 4jL13 


BC = (V ol ), 
DE = (V ol ) 2 
AC = T, 

AE = T 2 


V 0 | - T 

loj. = const 
T 

. (Vq|)| (Vq|)2 

T, “ T 2 


( 6 - 6 ) 

Oj£i 


i_- jj £4 U—U3 jLc. > 4a m 4 4.u«^ - Jj$_u ju£. 


. JjLi 4*JU« 4UA$ .JAIS £JjJL> (jJL. <G jt >?■ 


J>« a *»? » 


*. I i 


I 4 )| .*;. 1 (' • - ’ ) JSLUIj 4~il « ' ...VI <j-T 



( 6 - 7 ) 




— = const 
T 


•o' j ] 








Li_u.L3 jLc. > 4^ 




% -• 


♦ Irtish iili-d 6JLA3 . JUjJLJ ^JLc. <bjl 





otjUtlt jrut 




3jjj — 


201011 SdL^ll 


.OljUll fL*)t J>>UkJ» 


U % t u ^jb 4jMj <u-xo 5 JSUj 1-4 jl£ Ji 3 t ^ Ujj 


* B » 


. OtjUU fbJl 4 jM1M jOj lajjj 4 3j * ♦ 4 j^jJa 




US fUl» U>^> 


V o,- i 


Ji# u>i^ Cy* 




ol 


JjLi oi^ O ' 4 3 


• • 


v „>- I 

T 

V 0 i = const X — 

P 

PV 0 , 

— — = const 


•0> JJuli dUi /, 


<y* 


lij&yLsJ* *? JLA 3 


•u 


3» 4f» 



( 6 - 8 ) 


• tLljUD fUM 


.ill. I 


91 # C^i 


Lei 450 cm 3 


**■>» jLt <%«■ - ' 


• |4 n* 


(Vq|)| 

(V 0 |) 2 

450 , 


(V oI ) 2 273 + 91 


273 


*U>Ij 


♦ t • | • 

ti 4 > i II , w: 




V _ 450 x 364 = 600 cm 3 
v oV2 273 


o£-i («SLi 293°C 10°C Ja j_J 


• . * » * 


-r 


tLolj <daieX <jl 'jisjjaj 


k 



\ \ t 





iijUth 



(V«I )i 

(V 0 l ) 2 

500 


J- ...-j izl t 


1 


273 + 10 




( v ol>2 273 + 293 

V 0 1 , = = 1000 cm 3 = 1 liter 

283 


2QJU11 3jl 


C 


130°C jllc Lei 59,8uuHg 26°C ^ jL L ^ lil -T 

CoLj <j!j |hLjJI 


l _ 1 


I 


i5j A-fl 


59.8 273 + 26 


273 + 1 30 


„ 59.8x403 0/w „ 

P, = = 80,6 cmHg 

299 


60c ml Ig z^ 5 27 C ^ Ji^ia jli. j|jlL« - i 

?(S.T.P>ji jjti» u4.ut i J^4 ale. a£-i. 380 cm 3 


T, 

■ i - 

60X380 76x(Vol>2 


300 


273 


, 60 X 380 X 273 ™ 3 

V ol -> = = 273 cm 

01 76 X 300 


273 °K 0°C Sji > j- ^, s 76 cmHg , 2 ^ ^ alba (S.T.P) 

P,(V ol ), _ ^2^411^2 



> > 0 


*bUilt 











ljIjLAII jrul^ja ^j<j- ^ I 2l51L51t 

<jj-Ll t-v » ,.^ t> ijjfcj Ld -lie. 15 liters 4 <\ ** *- j'lx. Jy* jl > .i 4 -0 

4jlLl laiu^xll jj^SLj Lo JUii 1 0 litCtS 4^irfc_r- jLi. ^ j L jl^. 4 j 12 cmftg 

*lo) 2 iLIj Sjlj^ liU < 5 liters <Lut^ JaLa *Li| ^ IjlJd $ 5UcmHg 

„ 



5 liters jl cLiyi 4 ju- jul> ^UJl ^ 


1 1 jnilaJ 1 JlxJ j'ul Iaj-u3 ^I^jV 


p V 0l = p, (V ol )j 

.*. 12 x 15 = P 1 x 5 
Pj= 36 cmHg 


<4jj^LaJ> ^i> im^VI jLc, t-i*. A jijajV 


PV ()1 = P 2 (V„,) 2 


P 2 = 10x50 = 100 cm He 


Li^J ^wLUjctl I ^j\ Uj* 


JjjliJl lacjbc.4 


P = P , +P 2 = 36+ 100= 136 cm Hg 





4 jux^L>fcj’1 (J (.arttt 




2010*1 SdL^I 



<1 i niLiiV ^ jWlALifcttj lJljj[m!2\-\ 


,*jLuaJo U* (jtfwul 1 "" c*j.<lL ^.4 2 lu 1 ISjs* 2 JLr- ^Js jUJl CjIIj^ 

• t #-^ 1 *^ 1 ub-^ 

.<*Alj^kJl JLlJaL^lb Ji oj ) L*H JyiJ 4tL^ Ua IlUiLu-u* 

WuSo: LlojuLu j\L ^-uLJUO ^LUS L-^jju LUj Sjl^nJ ' Ole, ■ J^jli 






1 


273 


jlJLi^j jl^. ^4 J.L % A J^Ld A |’45t_5 ta £^i ^ H ^VjL i* JLlC. I {JjLiii 


Sj>>*1I 2l Tj j ^3 JSJ 0 Q C <u**- 


1 


273 


. JLiilj 2ZXU\ I 3j! vStJI jJ £.4 jLsJl ,_y) JiL'ii AjuiS iVt.' ■ -I - j! 

^1 . > jLt: jA»-« _)l JLi^ *,-^. .sla^J i^st^tll kZjoij >■<?• i (-J ) ia-kiaJl • 

.£j^-l$ 2 l>-jJ ajl-li** cjljatl* £_Lijj 1 j£J 0 C ale. JLjV 1 aI+.+.^ J 


.JIjljIj (^c-> fcli £-4 jlAJl /jjo 4 jL »15 4 j_>^ »> AIL 11 tj ^ 


1 

= ,h h 11 Ijpj -lie. Sjlj^Jl 4J*-jp SjLj^j 


jLkJ'JU 273 

Jjjjj ^ic. = C^AIS 0*1 ^ a 4 a * IK 1 1 i^j-s 


273 l*J| 










1 2b* L 4 J I o_oljaJ I- Y 

^V cl &J 

Ot-i 


£$J&I UL^I *bj_urf» 


\ >v 








TA 





va rtt t 


3 jt>W« 


u 


iUIUJI 3d»yi 


. i>j.a jilf, PV 0 j — const (j_»jL5 


V i 

lajJiii' Cj^i5 iJLl£. — _ — COllSt • 

T 


= const JtSjkijLaJl o^ilS 


P|(Voiii _ JMXoiL ^-la, ^1 


r. 


P V 

—±= const o'ji 
T 


ka^a H , i\c. 3j Instil 4L jLj-ijb 1 -aLpjl J-cli/a 


«v = 


( V olVc * (^olVc 

(^olVc X ^°C 


^JSJ 


. |tv^_rfc) 1 i^liAiJ dl*. jjljL^fc)! 4_^-j|_i _iL>.}jb kajLLaJ 1 _*b.ij) kfl 


n _ *Vc ‘ Mrc 

P ^ox x ^ c 


1 


273 
















>tjULh jru! 









^ w 

jjjL^Jj ALuwl 


J-*£i tV 


>4J ^jJUJl JaaJi O ;LjJi ji 


ojLio • LaJ. (^) 

— « i ^ li ^ | ^ 


iiu* JJ'O <■»') 

^ -* k 11^ M • + 


.^\^k U) 


.LiliJLaj l>) 


- it> , Jl ,^J (_&) 


jlJ ^jjU Z'j'j-nJ > ^-jSJ L«JJjc. jL i. y* 4axjl.« 4-l^jS ^ ^ . - tf ‘ uz2 lil -\ 




> *i3* t^; 1 ^ Jr-r J*' yil >*J i ^ > ^*;L. J22i *j - ^ 


^LJ 1 


0 U > *1 n I h ■SL^-’j.a JlJLii^ L2 jIj ^IJlJ^ ;Jil£ *«V ~ ^ 


♦ < ¥4 I ♦ - ► 4 


>4 jL*V< 


♦ ▼ /• 


i^J 1 c^tui J c-Uii ijL^JI jJla* * j } j ^ ^TJ- 5 ^ 


i LLa^i 1 1 J c. 1 1 ^ + ■ •■* 2^1 j3 ( ^ 


kh _N> 


’ J^-'-i * 1 *$-' 1 «bj (^ 


^‘^LaJj AfUn vli 1 c\^T1 ' ■■ <v^Lub4 (._* 


'^h-yj . kt u^ j rfj-i js-i 


IN • # 1 # 


<r . t ^ > 0) 


(r) (_>) 


^jl-^ (r . \ ) (_ r ) 


(O U) 

IN • • * ' 


. L^Jo ^ 5 l^J ^Ut ^.L^>>’I .^uat- d„ rj A - V 


37^K M 


0" K 0) 


373 4 K (,) 


100 K <» 


310 K O) 




{ 


£$J&I ^IdJl UL^I *bj_urfl 











TA 


u 





Sjtj. 'ijt 

i l_4 jLc. -_i^> s : uiLjlI - Y 

^ w* II 1 I ^ 

4taJu^» >1^44j -Luw •iij 1 O" *^4 liunS^i (i) 

4li J v>- _b_C_ «ita_3L.^ *_4 I l ■ ..Cf (. >) 

i>jl^ uCuL ^Lljui ^4 

IsjtJisJi >_sJLj ju*l A!Jji v> i> o *_4 L>_i %La ( j) 

4j j > >^’ 4^-jj ^Jl> .Li, ^laxua t. 4 U.huSy: (^) 
«JL.jlj ."S-^e-i*- jlsJI L ■>- • .|“ /*J 'if . ]() t . _Cl£. jilAJl ■ 1 

,5/1 


80 C w) 


20 c C 0) 


293 C 0) 


160 C U) 


410°C U> 


JjLs <L«v5^- ^>ai /_yJ J jL^ l!ij ~ 0 


LaILl'j jlAJi OJ^- (V> 


fcl i • I jLati' I < >) 

v il ^ ) f* ^Jl JU.A V. 1 'i jLxJ 1 h it > ■ •> (^ ) 

i^L^j OtLl*Ji 0 ) 

~ l 1 " *■ •■ n jLaJ 1 ta »■--•> I ) 

:JL^If 4 .U^t:LUD 


*i • ’ 


-^1 JS-U J^tA-’i ^uarsJ ^4^1* o' " ' 

i M 




i^- 


?J tidily 4ii$ C>3 _u JjlL. j'uJI iaJt «a iLyS/i ■ -•■-•» -T 

.^,•3^1 


Jj* 3 >>U 


^ 41 ., h 1 

< 


-r 


Ik ►, 1 M 

( S\,l,s 


v* LijjL} ]pLiJ 


. f » % ‘ • ’ ; **• 

• ♦ ^ * ’1 .iA-^-i-A 


JuuS - 1 
4 i 






>: 








5 t>ii£ *Lu> 4i*J -aii -C 


, \-SK ^CJ- s^b . Jd^ iy v-tl k 53- 2, . JkJ? Jl 

L> Clyy V ✓ / . ✓ ^ L- - j 


1- &S 

, t_!_li 1 ► 

Lv 


.Luib* ^'jLkU f l*. r > IaJJ^.> -V 


Ujfj 


293 t ,_4‘ ••* ♦ iLa_'^ lIl^Lj X3>j <a_^j.S C_a_3j 10 (_• j( £. j ‘ ' 

(2 Lilcr) ,<u.^ Jbj-jl* 

lift * lia ^ j' nA * l."91 C ) ,_4j J_Vr' 0 (_ C 1 ‘b J ■•> -•> -a clj[ 

0 C air, ^ 40cm f 1 g 


(60 cm Hg) 
84 cm Mg 


* Le^ 


u*9r'<:_k 

^ Vm* 


i i ji 


• n *■■•.* *< .*, 4 ^J! <l£ -T 


76 cm Hg c; ^ 0 C '*-*■}* ■Jz <&i 760 cm- 

(630 cm 3 ) (S.T.P 


^y> 4L* kLs^ *— 4 l^r-^ * j ‘ ' ' '■‘4-3 87 ( I 5 (J y* el4* <> ~ t 

(25%) i aj oK L* ^4) 


-C 


(-3 0) A Jjlj-T" GmP'jl -1 i!_S w j 1.3 A I TUdU » ■ ■’-> c1ji_S' 4j *j‘ i ■• " _;ULa; 

3 I (.' <3j^ / ;^s?1 » -* *^' ’ j_4 l‘l C- jllaV^ -■* * ■ ••* 

(1.8 Aim) .<<^41 ^*5 

28 cm i_ji_ui, cL-s ■ ■ -i r^_' 10.13m 4 *^ ^4^ iy* <c,Li3 _r » 

clj, 1 ij^ !*? ell 1 2^-“ i_> 1 44 ■■ . ■’ • " ^ * i 

27‘ : C .Ct Sju^jj 7 0 ^ 4-ci jUi^i 4 ^’i 
1 .01 3 x 1 0' S N/m 2 u; 1 0ms' 2 >V' j_uiL_-4i si^c. 

.(1 000kg/ 111 3 v U, 1 iailSa 

(60 cm 3 ) 



JjSLj UjlIc. }LJ 4 m ^ 4 ijM- SjLiU £1*0 ^ 4.. W . U 4 j>j J*— j . Jk (\ ) 


*«***<> . JuJL 4 *>wJ» 


. Uj^i4 o ' jM*3 < £jl*- JjSLj U JLk tjl^j Jlf j 


' j j r^J j . iaT u>k j c liLs*- v _ y k 4UV. wlijvj jli,*!^ j Jjl<r I « A U . .. ( t ) 


US' (JjLsfcJ I ^Jjc. Jyc l« ■*'■• iU.V. jU» y* Jlaj J-fc . Jrut. '«■'■* ' jL-^« Jju JjljtJ.’ j1^« 


1 m 4 jmUL fi >* 


1 Jt^' t 4 oJ'i J— ** ( T ) 


<> ^Ti J* - £^ 0 ^ if* 


A - 4 o>^' jjj' J>y* j 


Jlj^_U-t jk.3 • JSL*- JS ^k 4 * l ^^- 4 ^ "c^ 1 >? ' 


JSJJi > JJL*ll Jul Jni_J. JSL5. ^-i3 u>U» _>W 


J^La -4 rL^Jt Jyi 4 .diV-n Sliai* 


^r^rj 


-£±A* ^ 

4a * I ^JLL r 1 JSLU* ( i ) 


. ^JSLUb ^Lui)^4 ^4 L*ki A 1 41 l$J jyiJ 4 A > 1 ft JJufe 'JuB <» tldf 1 j ^*4 w lift 1 Jj'u^Su * 



i s,p > yis ju^. c^xji ^bui *b*it ,%j iiu o 


* R f Q jLbi J>***1' ^bulll liU £>it ( T 

J^Suj ^U* vlUj Jx. v^Jb L*£ ibnlitJo iijSLi* 4-xj^.^j 1 4 aAH J^aJu 1 iU ( r 




4 Aila Ja 


V M 


J*j- B A > g-U-l „ jjjl) 0) oJ^' JS-U' «■'>» *>~. ^jju» Ja *. • (2) 

o< ,> 42 “ £L?oJ» o* ^ LS ? o^-^j jj-*^ 

jSJ^ JLullJt iJ fbt-4 JLo (u) JLUI • B <LSjJ^ jt JkJL>9 A ^_J\ jl ,Jx5 jLl4 


4 1* ^ ^ A A % *jt JjL)L— J) 4«JU ^uJ< 



***-— x <y *w*yi u> *♦ 

. J>5l» U Jk, . y X 4 j4»JhJI jus^duaiJ 


/ 



J».^iV. ib,ij i^S 


/7<bU jLjkijI J^L*-^3 60° 4-lJj ij^tj ^3 Mj j^oUui ( *» ) 


Jru J-JLS* ^3^j-4 66 X 10 S m 4JL^3-4 c 3^0 Iclo— i ( V ) 

5m 2J^>U 3-U»3 JSlr*h ^ iL-^UJl 4iLud<3 • • x 10' 4 m ^ULLaLudt jru.i^Lah iffij* 


^yJu jjuJlIi* ojUjJla JjZj* Jjj 4iluJl 

Jij ♦ j\i j-+*Jb . IjjL* i^LuJl cLU 4 jc 4 jjoiul 4A^1» l*lLail > ^ 3 (A) 

jkjhJ l<ilu «Jiu«V l * ah *J 41^3^ 4>3i I 4 JUL J^4 ull a till til' \llJL4 O'Lia^ 

.^JkV bxalj 4 IA 3 J 5 4 ^ 3 ] LiJbk. 4.*Lvd.4 4 j»L^* 

^ 4f ,^,1^ cllb (%5 ^LdJ «<3^Jb C$L*J* U>Ib -kjj ( ^ ) 

£4 4 34 . 4 ]^ ^lr> 4g cr^! J}4 Jj 4 jL > 3 4 J4>3 ^ ^ 

1 J.AA>U» £^i JjJlJl ^k, 1 ^Icaj Ja JJjlJi 


.(IjjL*) ' ■ ■■ ■« Jj-t j JjLu, <j^SLJ L* ( '• ) 

v* 1 1, <«£c \_i_mUj iLxjj j\ JUC. JiLuJ 1 <£. ^_u wu^IIIj ilLst}' :ji 4j' OaJ* {«j 

- iU-V.M die Jle. 4 .us* o-L-u. 

«I>l ij-k«A £oc. ^Ji (l nA^ 0.4 m/s 4 *i ,*jJi 4 c j-l .5 0.5 cm a Jai ( > > ) 

t wi i;-« •*■>» .-JL* w jl?- jl 0.25 m/s I 4 J 1 ,>jJi Jbj-k* *£. 0.2 cm JS ».<auii 

4> wmL« jji W-i* ^Ja) >*-V* ^»4-» jIa44 4j>L-u 4 kL'j 4#>u' (>t) 

^>1 0.5cm 4^ aii g.. TI.« Ja k^S ^ «Ui 

.800kgm 3 k^Ji 4 ±\£i lOOOkgm 3 *Ui iiL £ jt lit £>J' 'j* ->>*4. 

200 N L*jjii 3 j-i a tif jjjj 4x10"* m 2 - ■ « ■ -> *' 4. «».«£* *V> it « 4-yl ■» * ■£ < (XT) 

L^s t (fcjMJ' 4LSJ* j 1 . U1 4 uLuk^t 20 X 10 4 m jkkjSJl 4 i«;^ 4 a*»3 * 4>Lub4« 

<Ui4jSfl <LaJJLscJ( 4l^ f J)l_j Ltlf ^- ■ « -■> 1 1 J. 1) KA JjJmJ kklSJ 1 

. 10ms* 2 







yj ^jlAJ ' *> aiU' «>^J‘ ojuL j ^3 fG f^Ual ii>Jl rJ-± o£i Uj^c. - \ 


JL. ii>Jt J>»j Ja w -C.;ti JJiJt c ^Jt Jjuu 4 Jj^ Jjt JJjJ 


5J-1 jli c*J» is jJJt 2 jL> L. i?L> L*l .^L^l 


»aj«_*Ut <ujj ■« ■ •»; dLfjJ •, 4 j^_jJ' j w v 4 ^.-C«'. tt a ,'. -i ! I s_i_ii Jy* j-i-S"' jJl 

.^yilSLajVb <j 1 


0 ! « . »«■ “ * ■? O^LJslLO.' JjLxlt - T 


w L>LU aL* 4 j jLlU .1 J^La ilLIju .«U U-^oUlj julj 4 .aLt, w nLaiiL*Ul J 


. 4-* 1 jy t aJiA jt.lU lj *U _4 4 i* jlju ^JL ^-5 JjIaJ> UIV Jy.la.iU> 


iiybdJ ULaj . lafLJ> c 1! ^-^L> J^LaJl *4 U^Si: c^UU 3-ilI> jUSo> J 4 U 4 wu« 11^ -T 
w J»j .<J ^->1' JjIaJ* W-»^» -—-lili «>-iU i-r^’ *+t* sin 0 =-^- 


J| c^aJt Md 


JiVI ^>1’ J>laJ' >A. 3jjVt c^^aJ' 


cuU 1 j^Lsja w U*‘jU US UISju’ aJ />*.. > . . 4 a.* >LrJ > Ja >-^*V> J**aj 


J^LUl oJbfl ^-4-r*V» 44— *J> ilU* 1-4’ . 4-^j 


v • • 


4 i^»a 


aiUl 


L ^4 Ulo* wJkSuL> J-k-Aj Jl cj-uiJ* * <f> 3 >k -o. 


> ij$>jJt J^So ^USSfi 


. » • 


4juj-4 4jlLS 4j*$ JS J-4 juaU)> ci*U‘ v^Laj dJU US UISjuI ^jUu J> Jo 


La^Ju4 jS U^44L IdU* 4jSfi P,S Jv« JS JuiL v^ail jL^ 4 ^i4I» (%I -) - 1 


^3^^ j^ 4 ^3*J* a2o^- R,Q Jw4 JS j lx -w-j 


>5 44 «in w v 4 4 ^£lt 4 jjj M U | 44 >!!’ jl. J> 1 4 4 * La J ^4 4J4U’ aJlAJ 1 JdaJ ij - J 


4-o LU> 4-4-iIcU’ ^4-4 j ^o-> t4o^ 01 ?> 44 iltb J ■) 4 1 1 ’ 4^ oilf 4-o ^ Jn I > 4JuU> ^JLc. laLL^U 


jjw 4 J^>>JlU US UISjo’ 44UU’ J ^4 > ^ U? < ^y-lijub 



" '< * frl.l ill \ 1 JLA 5 4 JjLxIHj 30 X Aj 4 1 Jj < “ 3 

4j*1j Ja jj£\ J^£j o ' 5 *-9 V AjO j I » >iiLi£ jail 4 ^Jl iiLtS ^jSl 

^ISjU 1 4 jdt j JL%J V Aj4< U 1 .{*mL0 ^JL) <*1x L*X- X 4,4-ii 3^b; JL) V uJU jJ jLtuSLjV 1 

> >») iilijJ 90 ^yJLxlV} .~h jgx.Lm.il h jn_> iuyjJ 1 Ji->j i jla j 45 aj^i U 


AB. v-u/J* ^Ax Ap^*x Y 3^bj 




0 = sin 1 ( n x sin0) = sin 1 ( % 2 x 0.5 ) = 45° 
a = 20 - A = (2 x 45) - 60 = 30° 


A 


- V 

Ax = A— 
d 

Ax = 66 x 10”® x ~t = 3x lOm 

1 1 x 10 -4 


4-x_*-j>;V1 ^UuOLsJ t 4 ?L_*j' ^j5 wjI.^xL* cli» J^ V L.4JUX - A 

JjULA vj>^JJ 1 jLaj vLsull' 4 j>L^ 4 jJLJjU Jiu-i CUJ* J iLkit J <Ix wu. 

4i^jV> AojLxJt JLu> cllt ^JLxV A^^Js 4 ->^j L4 JLX < ,Q=AVujLia>y> 



• oL iii iV * . t JLJL4 

• « ^ 


U m. J> 3 A.ilr j-5^1 1 ^^-jLiJi t-v % I * ^liu iLy.L.1) j^JLJt - 5 

•» JL. UjVi il~ ic*i dLJi, 


5m)l JuaaI* *1 • 


A|V t = A 2 v 2 

71 (0.5 x I0‘ 2 ) 2 x 0.4 = n 71(0.2 x 10 -2 ) 2 x0.25 


n 


1 x 10 5 
1 x I0 -6 




h P_ = h .P, 


O' o 



(1.5x IO -2 )x 1000 
800 


= 1.9x 10~ 2 m 



F A 
f " a 

F 20x10^ 
200 “ 4x10 4 


F = 5x200 = 1000 N 


m 



1000 


= 100kg 



10 


CLdoJI CJlDtDlQoll 




/ 

2 Ll)jjJI jjaa J>b i ^UT Jt j iLu Sjljjl <Ua jin- 4 jJall 3 ja> v«> 

v " 


1 

J 



gJoiiiipJI g^ihoJI 

■ 


